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OPERATING ADVANTAGES 











A ‘Surface’ Rotary Retort Furnace is equipped with one 
2. Improved and uniform contact of metal pieces or more cast alloy retorts, each provided with an interna 
screw thread. The retorts are operated with an oscillating type 


with the prepared gas atmosphere, as compared of motion which is gentle and non-abrasive and accomplishes 


with other types of work handling. / a forward movement of the metal pieces through the retort. 


2.High thermal efficiency. No trays or fixtures to . @ ‘Surface’ Rotary Retort Furnaces are the first successful units 
of their kind because a protective atmosphere is utilized within 
heat or cool. 
the heating chamber as well as the rotary retort. A positive pres- 
, : , acl sure is maintained within both areas, thereby protecting the 
3 Fully automatic operation possible . . . minimun 
metal from outside air contamination during 
heat treating and quenching 
These units provide unusually high quality 


heat treatment. Capital investment about 40% 


of manual handling. Low maintenance costs. 


4.£specially adaptable to limited production by 
control of rotation cycle and/or charging rate. that of equivalent pusher-type furnace. Min- 
imum space required for high production. 


5, ‘Surface’ RX Gas Atmosphere Generator supplies 
atmosphere gas for all modern heat treatments. 4 \ ac omplete details are given in Bulletin SC-147. 


= — — Write for your copy today! 





” SURFACE COMBUSTION CORPORATION + TOLEDO 1, OHIO 
4 FOREIGN AFFILIATES: 
Stein & Roubaix, Paris British Furnaces, Lid., Chesterfield 


INDUSTRIAL FURNACES 


FOR: Gos Carburizing and Carbon Restoration (Skin Recovery), Homogeneous Carburi- 

zation, Clean and Bright Atmosphere vy Bright Gas- Normolizing ond Annecl- 

ing, Dry (Gos) Cyaniding, Bright Super-Fast G - 9 
and Atmosphere Forging. Aen Rimanghare ieee 








Thermalloy | 


IN STOCK SHAPES AND SIZES 


X-RAY TESTED 














Lists more than 


ele 


Shapes and | | RO-ALLOYS Division .« 3 
ailable! LYRIA, OHIO 


Sizes Av 


Hons help in ordering 


HEAT TREAT POTS! 


You can save time and pattern costs by ordering Thermalloy Heat Treat Pots 
in shapes and sizes available for production. This new bulletin lists 118 
pattern numbers available—including both round and rectangular pots. 
All Electro-Alloys heat treat pots are x-rayed and pressure tested, to insure 
the soundness necessary for low cost service. Analyses available for 
cyanide salt and lead service—and for neutral salt service. 


Write for Bulletin T-205. Electro-Alloys Division, Dept. 2091, Elyria, Ohio. 








*Reg. U. S. Trade Mark 
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fore}. Be ce) & Latrobe's Desegatized Brand high speed steels and hi 


carbon - hi chrome die steels will help you cut production 
7 costs. Rigorous quality control - from material selection 
(oF c AREF through product inspection - plus the full uniformity 
UL SELECTION OF RAw Mat found in all Desegatized Brand steels assures better tool 

ERIALS 


and die performance and longer production life. 


In Desegatized Brand steels, the all-important carbide 
particles are evenly distributed throughout the entire 
cross section - NO HARMFUL CARBIDE SEGREGATES 
ARE PRESENT! This results in extra toughness and 
strength ... cracks, checks and warpage in heat treat- 
ment are radically minimized... superior machining 


and grinding abilities result. 


Specify Latrobe’s Desegatized Brand tool and die steels 
for better performance and resulting lower production 


costs. 


Send for booklet “WHY DESE- 
GATIZED” showing superiority 
of Desegetized Brand steels over 


LATROBE ELECTRIC vento 
STEEL COMPANY 


C DONAICVIUAN 
BE, PENNSYLVANI 






ad PESEGAr ze» 





Branch Offices and Warehouses located in: DETROIT, TOLEDO, DAYTON, PITTSBURGH, LOS ANGELES, PHILA- 
DELPHIA, CHICAGO, CLEVELAND, NEW YORK, BOSTON, SEATTLE, MILWAUKEE, HARTFORD, ST. LOUIS, 
BUFFALO 


Sales Agents: DALLAS, HOUSTON, WICHITA, DENVER, BIRMINGHAM 








SPEEDOMAX ROUND-CHART ON-OFF CONTROLLER 


Dependable ON-OFF’ Controllers for Industry # Il 


jri 


THE kind of control instrument which industry calls on-off or 2-posi- 
tion is not only the oldest form of automatic regulator, but is one which 
many manufacturers still use, instead of more advanced types, for simple 
requirements. Usually, the instrument merely closes the valve when 
temperature reaches the control point, and opens valve again when tem- 
perature falls below point. The question of whether such on-off action 
is best for the given case can of course be settled by using the instrument 
with the best, most useful features. Here are some which L&N On-Off 
Controllers offer : 

1. Instruments may be Recording Controllers with either strip-chart 
or round-chart, or Controllers with no charts at all. 

2. Instruments can operate at high or moderate speed ; can be located 
regardless of machine vibration, building tremors or distance from process. 

3. Controls are outstandingly dependable because they “balance” 
temperature against a standard. Intermediate bearings and springs can- 
not increase, decrease or otherwise influence accuracy or sensitivity. 

4. Low maintenance assured by machine-like design and construction. 

5. More than 1000 standard ranges. Specials are available, but sel-. 
dom needed. 

Tell us your problem and we will send further information. Write 
either to our nearest office or to 4927 Stenton Avenue, Philadelphia 44, Pa. 


WLEEDS & NORTHRUP CO. 


Ad ND4-33(3) 


Metal Progress i published and copyrighted, 1951, by Americar ’ tabone “ 70 a 


vear 
Metal. Ol BRauclid Avenue, Cleveland, Ohio Lenued met offer at Cles 


THESE instruments are fully 
automatic; need no standardiz- 
ing; are ideal even for hard-to- 
get-at or difficult locations. 
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PSC ‘LIGHT-WEIGHT’ MUFFLES 
CUT HEAT-HOUR COSTS 


of controlled-atmosphere annealing 





Above is a 40-foot muffle, made in two sections for ease of installation in a pusher-type 
annealing furnace of a leading brass manufacturer. 6 feet wide and 3 feet high, the 
sections were bolted together at the flanges. The unit was entirely fabricated of | 4’’ 
alloy to give the economies of PSC “light-weight” construction. Although a set operating 
study has not been made, our customer reports a substantial saving in fuel and heating time. 


The above muffle was fabricated of 12-14 alloy, for low-temperature gas-fired annealing 


up to 1250°). PSC muffles are furnished in any desired alloy, for temperatures to 2200’; 
in any size and for any type furnace. 


In cases of special furnaces, limited space and other situations, the design of a muffle 
becomes a prime factor in successful operation of the furnace. To assure you uniform 
controlled heating as well as strength and long life, we invite you to take advantage of our 
over 20 years experience in designing and fabricating a complete 

line of heat-treating carriers. Write as to your needs 

or for address of your nearest PSC representative. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL CITIES 
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The part that cost 34% less when made 
from TIMKEN seamless tubing 


HERE ARE THE COST FIGURES: 


TIMKEN 


wo TUBING 


stock 
$68.16 $49.25 


Cost of material per 


1000 pieces 


Number of pieces coll 

duced per hour on six 

spindle 2%" capacity 

automatic screw ™m ; 

hid ois ** 
ini ost pert 

Machining ©°°® 

1000 pieces (estimate 

machine ope 

per hour—$6.59)- . 

Machioing 


$39.88 


TUBING — 
AL SAVINGS WITH 
wy $37.12, oF 34.3% 


F machined from bar stock, the part shown here 

would cost 10.8¢. But it is costing the manufacturer 
only 7.09¢—because it’s made from Timken" seamless 
tubing. How was this 34% saving possible? The figures 
above tell the story. 

Timken tubing eliminates drilling because the hole 
is already there. You usually can start right in with 
finish boring. There's less stock to machine—less scrap 
loss. And because of the uniformly fine forged quality 


YEARS AHEAD— THROUGH EXPERIENCE AND RESEARCH 


savings with tubing—$! 


i 1 18.91 
Material savings with tubings-+$ 


$21.67 


8.21 


of Timken steel, you get a better finished product 

To get the most economical tube size for your job, 
guaranteed to clean up, use our Tube Engineering 
Service. With the tube we specify, there's no excessive 
stock, yet you're sure of enough metal to fill out your 
dimensions. It's guaranteed. Write The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable address: ““TIMROSCO”, 


TIMKEN 
STEEL 
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*the assurance of a continuous supply of 


Assured Supply Titanium to make stabilized austenitic chromium 


nickel steel...plus the economic odvantage of 
L C i the lower price of type 321 has focused 
ower os increasing attention on its other outstanding 


features. Among these are excellent high 


Technical temperature properties, thermal shock 


D AT A resistance and ease of drawing and forming. 


In the “as-welded” state, as normally used, 


321 shows a high order of corrosion 


resistance in a variety of corrosive media. 
% in developing the Low . : ‘ 
Cation Tene thateneings It is being used effectively in many 
mokin ] in . . . 
ane th SENG Sor eee, installations with type 347 weld rods used 
TAM has acquired much 


worthwhile technical data in welding. 
Therefore, although we do 
not supply steel, we can 
supply you with information 
of value. Write our New 


York City Office 


TAM 
PRODUCTS 


*TAM is a registered trademark. 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office: 111] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N.Y 
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When production depends on tools and dies, 
tools and dies depend on the LINDBERG 
TOOLROOM TEAM—a basic requirement 
in every toolroom—a must where you want 
the ultimate in tools and dies which will 
keep your production rate up and your ma- 
chinery running with a minimum of tool and 
die failure. The LINDBERG TOOLROOM 
TEAM gives you the precision heat treating 
which your precision tools and dies need 


for lasting performance. 


BASIC 
FOR EVERY 
TOOLROOM 


fhe LINDBERG 
TOOLROOM TEAM 


LINDBERG HARDENING FURNACE — 
eliminates finishing due to scale and decarb 


with simple accurate atmosphere control. 


LINDBERG TEMPERING FURNACE — 
allows you to obtain the exact “Rockwell 
Hardness” required for each specific tool 


or die. 





For tools and dies requiring high speed tool 
steel—investigate the Lindberg “L” Type 
combination preheat—high heat Furnace. 


LINDBERG 
FURNACES 


LINDBERG ENGINEERING COMPANY  W. Hubbard Street, Chicago 12, IIlinois 
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FOREMOST IN 
SCIENTIFIC DEVELOPMENT 


IN THE REALM OF FORGING 
DESIGN’ AND THE! DEVELOPMENT 
OF PROPER GRAIN-FLOW, WYMAN- 
GORDON HAS ORIGINATED MANY 
FORGING DESIGNS WHICH AT THE ~ 
eiViselauriape Masako wince 
WERE CONSIDERED IMPOSSIBLE 
TO PRODUCE BY FORGING. 


AA AY VN ex Gi @) 5d BY@) 


ESTABLISHED 1883 : 
FORGINGS OF ALUMINUM © MAGNESIUM * STEEL 


WORCESTER, MASSAGHUSETTS 


HARVEY, ILLINOTS Dae eee Viletsiies.\\ 
* * 




















Vetal Progress; Page 176 





HARDEN MOLYBDENUM 
HIGH SPEED STEEL TOOLS 


Tungsten is scarce—and, just as happened during World 
War li, may become much scarcer. This means wider use of 
high-speed molybdenum steel tools with their critical hard- 
ening problems for which the Ajax Electric Salt Bath supplies 
far and away the most logical, efficient and economical an- 
swer. Actually, it was the inherent characteristics of the salt 
bath that, to a large extent, made feasible the adoption of 
molybdenum high-speed steels in place of the tungsten types. 

Scaling, decarb, oxidation, pitting and other surface de- 
fects are automatically avoided. Distortion is reduced to a 
negligible minimum. Immersion in the bath seals the work 
from all atmosphere. A protective film of salt protects the 
tools fully, right up to the instant of quenching. 

Heating is amazingly rapid and uniform. Thanks to the 
exclusive Ajax electrodynamic stirring action, the tempera- 
ture will not vary more than 5°F. in any part of the bath 
Because of its faster heating cycles, productive capacity of 
an Ajax solt bath is two or three times that of other heat 
treating methods. 

Midvale Oe pritt Co. In short, the Ajax furnace makes it just os easy and prac- 
or ) 
Muelle Cash eegiste' Co. 
National S 
National ' 
4s Twist OF \ron Be prepared! Ajax Bulletin 123 tells the complete story. 
a1 Stee as Co. 
Henry Disston 


4 Motor LO 
Ford Div 


tical to harden molybdenum steels as any other kind—and 
Co the equipment works equally well in heat-treating tungsten 

rew 4 . 

steels, high carbon—high chromium and all other tool steels. 


Write for your copy today. 





More molybdenum high-speed tools are hardened in 

Thread Monit C A Ajax Sait Bath furnaces than in any other equipment! 

Union 1W ting VO- 
\ Trea 

wesley Stee 


0. 
eoestinghouse Electric C 











AJAX ELECTRIC COMPANY, INC. 


910 Frankford Ave. Philadelphia 23, Pa. 





Operator using the new Model No. 1506 low speed pol- 
isher. Section of laboratory equipped with No. 1251 Duo 
Belt Sander—No. 1700 Electro Polisher—No. 1315 Press. 


THE ——_ LINE e SPECIMEN PREPARATION EQUIPMENT 
INCLUDES . . . CUT-OFF MACHINES e@ SPECIMEN 
MOU NT PRESSES @ POWER GRINDERS e@ EMERY 
PAPER GRINDERS @e HAND GRINDERS e@ BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH- 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 


Buchler Xt. 


PART HMER SHEP 


Ake. . 


METALLURGICAL 
LABORATORY 


EQUIPMENT 


. provides the metallurgist with the most 
complete line of modern designed precision 
machines for specimen mounting and prepara- 
tion available anywhere in the world. This 
finely made equipment has been developed 
through a thorough understanding of the 
requirements of the metallurgist and a rigid 

insistance on perfection in the mechanical design 
and construction of each item. 

Everything needed for metallurgical testing from 
cut-off machines, moulding presses, and grinders to 
the mechanical or electrolytic polishers is included 
in the Buehler line. 


In setting up complete laboratories or adding 
items to present equipment the metallurgists will 
find in the Buehlez line of coordinated equipment 
everything needed for producing the best work, 
with speed and accuracy. 

Write for bulletin of new equipment or infor- 
mation on any specific item. We invite correspond- 


ence relative to setting up complete laboratories 
suitable for any particular requirement. 


Exclusive U. S. agents for Amsler and Chevenard Testing Machines 


METALLURGICAL APPARATUS 
965 WEST WACKER DRIVE, CHICAGO 1, ILL. 
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1 


Photo shows quenching 
tanks for shells, developed 
during World War II. 


...then you need HOUGHTO-QUENCH ! 


That's the oil that saved the day for so 
many metalworking plants during the 
critical shortage of alloying elements in 
World War II, by giving them a faster 
quenching speed through the critical zone. 


Now it’s even faster, assuring maximum 
hardness even with lean alloy steels— 
again a necessity. 


Houghto-Quench is stable and long-lived. 
It may well be the answer to your quench- 
ing problem. Ask the Houghton man, or 
write us direct. E. F. Houghton & Co., 
Philadelphia 33, Pa. 


r a 
HOT OIL QUENCHING 


Now, to avoid distortion, it is possible 
to use hot oil, at temperatures up to 
350° F., without undue thickening or 
oxidation. Write for folder on | 


Houghton’s MAR-TEMP Oil. 


Sew 


ee 


HOUGHTO-QUENCH OIL 
+ @ product of 


Ready to give you 
on-the-job service .. . 
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A FOR HIGH PRODUCTION POLISHING.’ BUFFING 


POLISHING ond BUFFING MACHINES 
ous 





ROTARIES 


... deliver high 
production with 
uniform quality 


fi nish at 


low unit cost 


thove: ACME six-foot Continuous Rotary Automatic having 50 con- 
tinuously revolving chuck spindles. One ACME adjustable polishing 
belt head and five ACME adjustable floating head polishing and buffing 
lathes are used in this arrangement, built to finish plumbing good 
escutcheons. 


Right: ACME Type L. C. Continuous Rotary Automatic with 20- 
spindle continuously revolving table with variable speed control 
Three ACME completely adjustable polishing and buffing lathes are 
used in this arrangement. 


@ ACME Continuous-Type Ro- 
taries are built in table sizes from 
20 inches to 10 feet or more in 
diameter and with a varying 
number and spacing of work 
spindles, depending on piece 
being finished. They provide a 


o SPECIAL proved solution to many produc- 


d ffin tion finishing problems and have These machines can be furnished in sizes and 
Polishing U earned wide recognition for 


arrangements to handle many types of parts 
hinery their dependability and cost cut- with high output and uniformity of finish 
Mac. ting performance. 
(Catalogs on Request) 


AUTOMATIC 
BUFFING 
MACHINES / 


(On tedgne HOWARD ST. DETROIT I6, ic 


“dors 0+ sviows AND BUFF ACHINES FOR NEARLY WA 4 
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Four-stack Fixture— 40° diameter—S0 high 


Furnace Loads Increased 


with D-H Fixtures 


Two-level Fixtare — 247 dlameter—SS" high 


‘‘tailored for The Job’ 


When vertical carburizing furnaces became popular, 
Driver-Harris made close studies relative to loading capaci- 
ties, and decided that fixtures specially designed to meet 
individual requirements would enable live load percentages 
to be increased, and loads to be more easily handled. 


Custom-built equipment pioneered by Driver-Harris 
proved so successful that for fifteen years this firm has 
continued to specialize in producing furnace parts and 
fixtures “tailored for the job.” In every instance, load ratio 
has been improved and load handling facilitated. 


Here are a few typical examples picked from hundreds 
of applications in service today. These fixtures are made of 
Chromax* and Nichrome*—the high heat and corrosion- 
resistant alloys that are unsurpassed for heat-treating 
applications. Components consist of castings, forgings, hot 


rolled rod, sheet and wire—all produced in Driver-Harris’ 
own plant to meet given requirements. 


Such products exemplify the exceptional facilities at the 
disposal of Driver-Harris for designing and manufacturing 
equipment of this type. Moreover, since Driver-Harris is 
both producer and processor of numerous alloys, it is not 
prejudiced in favor of a particular material or process 
Whatever is best suited to achieve peak performance is 
utilized. To have furnace parts and fixtures designed and 
produced by Driver-Harris, therefore, means that your 
specific needs are met in the most efficient manner possible. 


Under present conditions, exceptional demand is engag- 
ing the resources of the Driver-Harris Company to an 
unprecedented extent. Nevertheless, we shall be happy to 
have you consult with us, and shall be glad to serve you 
to the best of our ability. 


Nichrome and Chromax ore manufactured only by 


Driver-Harris Company 


HARRISON, 
BRANCHES: Chicago, Detroit, Cleveland, 


*T.M. Reg. U. S. Pot. Of 


NEW JERSEY 


los Angeles, San Francisco 
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A GAS SHAPE CUTTING MACHINE 


THAT IS: 1. low-priced 


Air REDUCTION 


AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY 
AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 
Divisions of Air Reduction Company, Incorporated 


Offices in Principal Cities 
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2. portable 
3. accurate 


That's a statement that is 100% true! In one shop they found 
this new machine—the AIRCO No. 3 MONOGRAPH—excellent 
for shape cutting the 1001 odd jobs that constantly came up! 


In fact. they have cut more than 16.000 drop-floor hinges alone 

stack cutting them from mild steel plate. as shown above. This 
one operation saved more than the price of the machine. In ad- 
dition, they cut hundreds of other parts — body center plate 
blanks, engine truck roller racks, spring hangers, pipe clamp- 
and many others. 


The NEW Airco No. 3 Monograph will handle practically any 
cutting job—straight line. circle. or bevel, in addition to angles. 
curves and other ordinary shapes. It can be used stationary o1 
portable, as the occasion demands. 


This NEW machine, lowest priced of its type on the market 
(only $695, including a manual tracing device. torch, tip. tubular 
rail. hose and carrying case). will cut steel up to 8 inches thick 
Its cutting area is 32 inches by 56 inches. and with the addition 
of sections of 6-foot. 8-inch tubular rail, the length of the cutting 
area can be extended as desired. 

SPECIAL TRIAL OFFER 

Good in Continental U.S.A. Only 

If you would like to try this machine for two weeks in your own 
shop on your own work, just drop a letter to your nearest Airco 
office, and they will advise you how this can be arranged .. . or, 
if you would like a descriptive folder (ADC-660), they will be 
glad to send vou one. 





Nothing takes 


the place of 
hromel 
Alumel 


thermocouples 


W hen you're working with heat between 
1000° and 2000° F. and accurate temperature 
measurement is essential to the results you 
want to produce, you'll find there is no suitable 
substitute for Hoskins CHROMEL-ALU MEL 
thermocouple alloys. They're unconditionally 
guaranteed to register true temperature— 
E.M.F. values within very close specified limits. 
Exceptionally durable . . . so resistant to oxida- 
tion that you need not pack the protection 
tube. Hence, highly responsive to temperature 
fluctuations. And, in spite of hard use, they 
maintain their fine degree of accuracy over far 


longer periods of time than any other known 
base metal thermocouple materials. 


So for positive long-life assurance of accurate 
temperature measurement, insist that your 
pyrometers be calibrated for CHROMEL- 
ALUMEL thermocouples. And important, too 

be sure you use CHROMEL-ALUMEL 
extension leads instead of so-called “com- 
pensating” wires. For, when the couple and 
the lead are of identical alloy compositions 
there is no possibility of “cold-end” errors. 
Our Catalog 59-R contains a complete tech- 
nical explanation .. . want a copy? 


CHROMEL-ALUMEL couples and leads are available through your instrumeni 


manufacturer or pyrometer service company . . . ask for them by name! 


HOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVE. 
NEW YORK * 


DETROIT 8, MICHIGAN 
CLEVELAND . CHICAGO 


West Coost Representatives in Secttle, Son Francisco, los Angeles 
In Conoda: Walker Metal Products, Lid., Walkerville, Onterio 


chel-chromium resistance alloy that first made electrical heating practical 
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PROGRESS IN FASTENERS... 
Record-Shattering Million Tons Shipped Last Year! 


The American Fastener 
Industry shipped 1,000,000 
tons of fasteners in 1950 
. ++ more than in any pre- 
vious year. 

NATIONAL is proud of the 
part that the methods 
and machines which it 
has engineered and devel- 
oped, have played in this 
accomplishment. 


BOLTMAKERS are producing finished bolts, cap screws, 
and a variety of other work, by combining extrusion, 
upsetting, trimming, pointing, and thread rolling — 
all on one machine! 


NATIONAL HIGH SPEED 

PRECISION NUT TAPPERS 

automatically tap nuts 

; to close fits. Operating 

NATIONAL NUT FORMERS incorporate the National- advantages include new 
developed method of cold-forging nut blanks. These high speeds, unexcelled 
machines are recognized for their ability to produce accuracy, long tap life, 
blanks of outstanding quality at high efficiencies. quick tap change, and 
built-in safety devices. 


Rugged, dependable NATIONAL COLD 
HEADERS are producing a wide variety of 
work to dial-indicator exactness at high 
speeds. Machines feature ease of set-up 
and low-maintenance cost. 


NATIONAL 


MACHINERY COMPANY 


TIFFIN, OHIO. 














DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES—MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 


Hartford Detroit Chicago 
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OVER 50 YEARS OF 


IN IP STEELS 


Specialization, in the fundamental Superior 
way, extends throughout our plant facilities, our 
research and our manufacturing techniques 


to the sole end of producing finer strip steels 
for our customers. Our new plant installations, 
—including the Hot Mill shown above, cold 
rolling mills, and strip handling and storing 


facilities—signify faster, better service over a 
wider market range. e Let us detail the benefits 
to you of Superior specialization! 


CORPORATION 
CARNEGIE, PENNSYLVANIA 





y 
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WHEN MORE PRODUCTION IS NEEDED 


AXA KO) ROD 4 


HEAT AND CORROSION RESISTANT 


CASTINGS 


will give more years of 
service even under the 


toughest line schedules 


ALLOY ENG/NEER/ING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN e ILLINOIS 


WEAT RESISTANT CASTING 








REPEAT 
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SPENCER TURBO-COMPRESSORS 


For every Spencer Turbo in service in a list of 62 large indus- 
trial plants in 1940, there were two more Spencers in serv- 
ice on January Ist, 1950. The horse-power of Spencer Turbos 
in these plants tripled in ten years. 

Some of these Turbos have been operating satisfactorily 
for more than a quarter of a century and all of them have 
the well-known Spencer simplicity and reliability which is 
mainly responsible for such an unusual demonstration of 


confidence. 


LOW MAINTENANCE 


Repeated analyses of repair costs indicate 
that the average cost of replacement parts 
for Spencer Turbos is less than one dollar 
per machine per year. This is merely an- 
other proof of the well-known and widely 
accepted fact that Spencer Turbos are 


extremely reliable. 


THE 
AVERAGE COST 
FOR REPAIR PARTS 


1s 


ONE DOLLAR 
PER MACHINE 
PER YEAR 


THE SPENCER TURBINE COMPANY 











==|SF 


ENC 


HARTFORD 


Design engineers appreciate the light weight, all-metal 
construction and the absence of noise and vibration which 
enable them to mount the Spencer Turbo on or under ma- 
chines or overhead and out of the way. Leading furnace and 
oven manufacturers prefer to have the air supplied by 
Spencer Turbos because of their efficiency and reliability. 
Maintenance engineers everywhere appreciate that the wide 
clearances, with only two bearings to grease, means long 


life with extremely low maintenance costs. 


APPLICATIONS 


Spencer Turbos are made in standard 
capacities from 35 to 20,000 cu. ft., '/3 to 
800 HP and 8 oz. to 10 Ibs. pressure. The 
principle uses are to furnish low pressure 
air for oil and gas fired Heat Treating 
Furnaces, Foundry Cupolas, Agitation of 
Liquids, Gas Boosters, Engine Testing, Ven- 
tilation and Cooling. 


* HARTFORD 6, CONNECTICUT 








=e 
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HARDENABILITY BANDS 8745 H 


ROCKWELL HARDNESS C SCALE 


4 8 10 12 14 
DISTANCE FROM QUENCHED 


Whit many users buy alloy steels to chemical anal- 


vsis, there is often a considerable saving involved when 


grades are ordered to hardenabilitv instead 


When you order “H 


bands you eliminate 


steels specified by hardenability 


top and 


bottom analysis extremes, 


thereby promoting uniformity. This provides definite 
advantages, as top extremes in hardenability frequently 
cause quenching cracks, and bottom levels may mean 


failure to obtain the nee ded etlec tiveness ol quene h 


For example, suppose you need a |'v-in. round that 


will quench in oil to Rockwell C-50 minimum hardness 


BETHLEHEM 
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16 


LYUVHO 


cs 


8% 20 22 24 26 28 30 32 


END OF SPECIMEN—SIXTEENTHS 


it the three-quarter radius. (At this point, the hardness 


value is approximately equal to that of martensit 


witated oil- 


the 


Standard cooling rate curves for a mildls 


quench show the commensurate distance from 


hardened end of the end-quench test to be %« in 
When this required distance is located on an estab- 
such as the 
find that 8745 H analvsis will 
minimum and 61 maximum hardness 
that 8745 H meets the 


getting 


lished hardenability chart one reproduced 


ibove, we produce 50 
This indicate 
requirements. The possibility of 
an 8745 type steel of greater or lesser harden- 


ibility is eliminated when the “*H”™ steel is ordered 


Our inetallurgisis will gladly explain in detail the 
idvantages and savings in ordering steels to hardenabil- 


ity They will also help vou with heat-treatment and 
machining problems 


We 


spec ial-analvysis steels as we ll as 


AISI grades and 


carbon steels 


manulacture the entre range of 


COMPANY, 


products are sold by Beth 


BETHLEHEM, PA 


ehem Pacific Coast 


BETHLEHEM STEEL 
n the Pacific Coast Bethieher 


tee! Corporation. Export Distributor: Bethlehem Steel F 


STEELS 





Up to 35% 
greater production, 
much longer tool life 


with 


GULF ““LASUPAR’’ 
and “ELECTRO” 
CUTTING OILS 


These new improved Gulf sulphurized cutting oils con- 
tain sulphur combined by a special Gulf Process so that 
it is extremely active over the entire range of a cutting 
operation. That's the important reason why users are 
ible to step up feeds and speeds on tough machining 
jobs. They report production increases of as much as 
35°) after switching from conventional oils of this type. 

Gulf Lasupar and Electro Cutting Oils provide excel 
lent protection for the tool at elevated production rates 

-help reduce built-up edge, prevent chip welding, pro- 
long tool life 

Because Gulf Electro Cutting Oil contains a larger 
percentage of this extremely active sulphur ingredient, 


NEARS OF 5, 
Co i tine) 


CA | 
| 
| PETROLEUM AND ITS PRODUCTS ) 








it is recommended for the toughest machining jobs, 
where production and tool life are a problem. 

Gulf Lasupar Cutting Oil also contains stable sul 
phurized fatty oil, effective in producing the fine finishes 
for which this quality cutting oil is so well known. 

Operators everywhere welcome the new Gulf Lasupar 
and Electro Cutting Oils—because they get all these pro 
duction advantages without the disagreeable odor ordi 
narily associated with sulphurized cutting oils. 

Call in a Gulf Lubrication Engineer today and arrange 
to use these outstanding oils in your shop. Or send the 
coupon below for additional information 


if Oil Corporation - Gulf Refining Company MP 
SZ Gulf Building, Pittsburgh 40, Pa 
Please send me. without obligation. a copy of each of your new 


pamphiets “Gulf Lasupar Cutting Oj Gulf Electro Cutting Oil 


Company 


Title 


! 
| 
| 
| 
| 

Name | 
| 
| 
| 
| 
| 
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Coleman Junior Spectrophotometer 


MODEL 6A 
IDEAL FOR THE ANALYTICAL 
OR PRODUCTION LABORATORY 











@ Whether your work is in metals, 
foodstuffs, vitamins, or the clinical 
laboratory, this simplified model of 
the Universal Spectrophotometer 
provides simple means of trans- 
mission spectrochemistry measure- 
ments. Its interchangeable scales 
are ideal for the analytical labora- 
tory requiring a variety of different 
analyses from a single instrument. ' : . 

j First, it determines the exact color (light wave length) 
The production laboratory has also 2 ’ ‘ ; 

most responsive to the considered constituent 

found the instruments useful for 
rapid determinations of copper, Second, it is capable of generating light of that exact 


: wave length 
manganese, cobalt, nickel, etc. with . 


the speed of the spectrograph but Third, it accurately measures the intensity of that light 
with greater precision and at much as affected by the constituent 


less cost. For full details write for Bulletin B-211 


The Coleman Junior Spectropho H-59540 Coleman Junior Spectrophotometer, complete with Plastic 
tometer fully meets the three Light Shield, Mounting Pads, Removable Transmittance-Density 

; . Scale Panel and Operating Instructions—with H-59540-15 Storag« 
requirements necessary for identi Battery and Charger with connecting cables . . . . . $485.00 


fying and for measuring solution 
Complete stoc of cuvettes, adapters, calibrating standards and othe 


constituents. accessories for immediate 


delivery 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO 
CLEVELAND 6 OHIO 


CLEVELAND ¢ CINCINNATI ¢ DETROIT © HOUSTON ¢ LOS ANGELES © PHILADELPHIA 
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Republic Metallurgical Service 








SCRAP LOSS, 


Liyoerv ed macunasiuity 
for leading aircraft 


To achieve in a hollow steel structure the complex 
curvatures and delicate balance required in a pro- 
peller blade, many unusual forming and welding 
operations are required. This is particularly true in 
fabricating alloy steel plate into finished blades for 
such sky giants as the B-36 and B-29. Investments 
in machining time are high. 
Wih the object of improving machinability, lengthen- 
ing tool life and minimizing scrap losses, metal- 
lurgists of the Propeller Division, Curtiss-Wright Corporation, 
called in Republic Steel metallurgists. Together they attacked the 
problem of modifying plate hardness and structure. 


A slightly revised chemistry was agreed upon, and a commercially 
practical annealing cycle was developed. Results were immediate: 
plate hardness and structure were brought within acceptable limits. 
This, in turn, gave improved formability, machinability and tool 
life. Scrap loss in preliminary machining and forming operations 
was practically eliminated. 


Perhaps you have a question concerning your own use of alloy 
steels. Republic metallurgical, machining and technical staffs will 
be glad to go to work on it in cooperation with your own personnel. 
Their service is completely confidential, of course, and carries no 
obligation. Just write: 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division + Massillon, Ohio 
Pie ‘re GENERAL OFFICES # CLEVELAND 1, OHIO 
1 Export Department: Chrysler Building, New York 17, N.Y. 


--. combines the exten- 
sive experience and co- 
ordinated abilities of 
Republic's Field, Mill 
and Laboratory Metal- 
lurgists with the know!l- 
edge and skills of your 
own engineers. le has 


helped guide users of 
Alloy Steels in count- 
less industries to the cor- 
rect steel and its most 


efficient usage, IT CAN 
DO THE SAME FOR YOU, 





Other Republic Products include Carbon and Stoinless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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To be sold 
at $9 600,000 p 


@ $9,600,000 a ton isn’t hay. Yet 
O.D. 
drawn 


it is a reasonable price for 2 
tubing after it 
down to a diameter less than that 
of human hair. 


has been 


We believe we can supply you 
with small tubing—normally .010" 
to .625" O.D.—in 
analyses, and forms (either Seam- 
less or WELDRAWN*) than any 
other manufacturer. In brighter 
finishes. To closer tolerances. And 
with uniformity. 

Our 
scope, permits recommendations 
without bias .. 


more sizes, 


service, because of our 


- offers know-how, 


facilities and equipment only pos- 
sible because of superior concentra- 
tion on small tubing—technology 
in tubing. 

You also have a time advantage 
in dealing with Superior—with dis- 
tributor warehouse stocks in 55 

throughout U. S. and 
These distributors offer 
not only availability, but helpful 
Should 


stump them—we’re ready to jump 


locations 
Canada. 

engineering service. you 
in at any time to help. Let us send 
you our Bulletin 31. Superior Tube 
Company, 2008 Germantown Ave- 
Norristown, 


nue, Pennsylvania. 


er ton! 


Routine tests are made to determine the 
carbon content of both raw material and 
finished tube. No effort has been spared to 
produce the highest quality small tubing 


Bright annealing and heat treating fur- 
naces, with instrumentation for control, 
assure uniform structure, a clean smooth 
surface and tolerances 


prec ise temper 


Sam AN) 
Final inspection where each finished length 


of tubing is inspected for outside and 
inside finish, size and straightness 





ROUND & SHAPED TUBING 
(.010’’ to %’’ O.D. Max. Certain Ana'yses .035’’ max. wall to 1%” O.D.) 


Available in: 


“hb ert” 


All analyses .010" to %" OD. 
Certain analyses (.035" max. wall) Up to 1%" OD. 


Carbon Steels 
AAS... — C-1008, MT-1010, 
MT-1015,C-1118,MT-102 aa 
C-1025, C-1035, £-1095 “ 


316 1 


Nickel Alloys 
Nickel, “"D Nicke: 
L Nickel’’, "Monel 
K Monel”, “Inconel 
30% Cupro Nicke 
18% Nickel Silver 
Bery! 


Stainless Steels 
ALSA 30 


Alloy Steels 347, 4 
AliSL—4130, 4132, 4140, 420, 430 
ri 8630, E-52100 r.5 ym Copper 


"Reg. U. S. Trademark — Superior Tube Company * West Coast: PACIFIC TUBE COMPANY, 5710 Smithwoy St., Los Angeles 22, Cal. * ANgelus 2-215] 
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DATA ON HIGH-TEMPERATURE ALLOYS 


This new edition of “Hayses Allovs for High- 
Temperature Service” summarizes all the available 
data on 10 super-alloys. Besides physical and me- 
chanical properties of two newly developed alloys 

Hayes allovs Nos. 25 and 36 the booklet 
now includes additional data on all 10 alloys. 

There are tables and charts giving data on creep- 
rupture. stress-rupture. thermal expansion, stress- 
elongation, hardness, and impact properties. in 
addition to chemical composition and short-time 
tensile properties. The booklet also contains 


information on age-hardening and procedures 


HAYNES 





Union Carbide and Carbon Corporation 


for fabricating the wrought forms of the alloys. 

Every engineer and metallurgist who designs or 
specifies equipment for service at elevated tempera- 
tures should have a copy of this book. Design engi- 
neers. particularly. will find it a useful guide in the 
selection of allovs to meet the exacting require- 
ments of high-temperature service. 

Fill in the handy coupon below if you wish a copy 
of this useful book. If vou have the old edition. be 
sure to replace it immediately, so that vou will have 
all the latest information available on the Hayves 


high-temperature alloys. 


Haynes Stellite Division, UCC, 735 S. Lindsay Street, Kokomo, Ind 


Please send me, without obligation, a copy of ‘Havwes Alloys 
— ley USE THIS for High-Temperature Service.” 


Haynes Stellite Division 


UCC) 


arbide and Carbon Corporation. 


HANDY 
COUPON COMPANY 


ADORESS 
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CONVERSION FROM ZINC TO ALUMINUM DIE CASTING 








in less than an hour on 


|KUX) converriste MACHINES 


In less than an hour’s time, Kux hydraulic machines can be 
adjusted for die casting zinc alloys using a plunger goose- 
neck metal injection unit or for die casting aluminum brass 
or magnesium alloys using a cold chamber hand ladling 
injection unit. 

This change over is a simple easy operation on any of the 
Kux machines from Model BH-18 to Model BH-30 which 


are available as convertibles. The removal of a few mount- 
ing screws and pins and the attachment of either injection 
unit, both completely self-contained, rapidly readies a 
machine for production. Only on Kux Die Casting equip- 
ment can you find so many superior design features that 
offer such a multiplicity of usage for each machine. Write 
now for illustrated catalog. 


KUX MACHINE COMPANY 


3940 W. HARRISON STREET 


aeise 
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= 

enernn dee —, 

“a ae * Aten, nar ri 
’ ope? 


Almost every automobile operat- 

ing on the roads today has parts 

made of Galvanite*. It may be the 

door lock, window channels, speedometer 
cable, hose clamps, exhaust pipe, hub caps, 
kick plates or the shim stock used to make the 


parts fit tighter. But whatever it is that is made 






of Galvanite* it is sure to be the best part availa. 


ble at any cost. 


For Galvanite* is the tremendously popular zinc 
coated steel that fabricates like ordinary cold rolled 
steel yet resists rust and corrosion for years. What's 

more Galvanite* has a “matte” surface that grips paint 


PeMote Mh Ata lot litele MB oles slo 
The Galvanite* zinc coat is put on to stay. It is accu- 


rate and uniform—tough and pliant. It will not flake 


or peel, or clog dies 


Brochure giving test data, etc. upon request. 


“Manufactured exclusively by the Sharon Stee! Corporation under 
patented process 


SHARON STEEL CORPORATION 
Sharon, Pennsylvania 





MULTIPOINT 
CAPACILOG 


easy to read... 
to operate... 
to service... 


instrumentality...with 


The Multipoint Capacilog, embodying the Easy to read because of a simple 
numbering system for instant iden- 
tification of the different curves 


. —— . . . lus direct di variable 
is a Multipoint Direct Deflection Type Strip ee ee eee an 
a stationary scale. 


latest features of Wheelco Instrumentality, 


Chart Recorder giving up to six variable re- Easy to operate because the 


Electronic Link—Wheelco Instru 
mentality—brings recording down 
ovens, kilns, and other processing equipment, to its simplest form. 


cordings on one chart. Used with furnaces, 


the Multipoint C 1 , : Easy to service because the Mul- 
e Multipoint Capacilog gives a permanen Geciet ‘tue disor eunsien pase. 
record of temperature, speed, and other elec- simple interchangeability of com- 
ponents with all working parts 
quickly and easily accessible 


Write for Sulletin MPc-\ on the new MULTIPOINT CAPACILOG—the latest addition 
to the WHEELCO CAPACILOG SERIES. Remember—when you specify WHEELCO, you get 


instrumentality. Wheelco Instruments Company, 835 W. Harrison Street, Chicago 7, Illinois 


trically measurable variables. 
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six memories 


THE CAPACILOG IN ACTION...for service 


Simplicity of operation and construction... 
low maintenance cost . . . ease of access for in- 
ternal inspection; all add up to uninterrupted, 
reliable and economic service—a leading rea- 
son why more and more manufacturers in the 
various process industries are specifying the 


Wheelco Capacilog. 


THE WHEELCO SINGLE POINT CAPACILOG is a 
direct reading, deflection type, strip chart re- 
corder which gives you measurement, indica- 
tion and control with a permanent record of 


electrically measurable factors. 


At Buckley Brothers —Petroleum Terminal— 
In their new $10 million bulk petroleum 
terminal the Connecticut company selected 
single point CAPACILOGS to control and 
record the temperatures in two huge storage 
tanks with an 8 million gallon capacity 


At Armstrong Blum Compony —Heot Treating 
ond Normalizing —This well known manufacturer 
of hack sow blades and machines uses single 
point CAPACILOGS for controlling and 
recording temperatures to assure a maximum 

of product uniformity 


important 


Wheelco single point Capacilogs 

are now available for delivery within 
four to five weeks from receipt of your 
order. Consult your local 


Wheelco representative for details. 


a) electronic controls 
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4A battery of Inconel conveyor rolls in o bross 
strip annealing furnace, Scovill Mfg. Co., Water 
bury, Conn. The furnace was fabricated by SURFACE 
COMBUSTION CORP., Toledo, Ohio 


Input end of brass annealing furnace showing coiled 
brass strip resting on Inconel furnace pans at Scovill 
Mfg. Co., Waterbury, Conn. These circular pans 
were fabricated by THE PRESSED STEEL CO., Wilkes 
VY Barre, Po. 


MODER N furnace an 
in one of world’s most M ODER N brass mills 


Completed in 1949, the new Continuous Strip Mill 
of Scovill Manufacturing Co., at Waterbury, Conn.., 
is rated as one of the most modern completely in- 
tegrated brass mills in the world. From the giant 
continuous slab-casting machinery at one end, to 
the tractor loaders a quarter of a mile away at the 
other — every unit operation has been mechanized 


to the highest degree. 


In planning the mill, considerable thought was 
given to minimizing future maintenance costs. 
Scovill knew that one source of serious upkeep 


could be annealing furnace equipment. 


So, on the advice of Surface Combustion Corp., 
and The Pressed Steel Co., annealing furnace pans 
were made of a metal with a proved record of long 
life in high-temperature applications ... INCONFL®. 
Capable of withstanding temperatures of up to 
2000° F., INCONFL promised to give Scovill the long, 


trouble-free service they wanted. 


EMBLEM zy OF SERVICE 


The conveyor rolls were fabricated from ex- 
truded seamless INCONEL tubing. The finished roll 
dimensions are: 7 in. 0.p. with 7/16 in. wall. Effec- 
tive working width, including end guide collars, is 
5 ft. 2 in. The rollers extend through the furnace 
side walls and are supported by anti-friction, self- 
aligning bearings. 

If you would like to know how — like Scovill — 
many of the nation’s busiest furnace operators are 
using INCONEL to beat high maintenance costs, write 
for: “Keep Operating Costs Down When Tempera- 
tures Go Up.” ‘ 

Remember, too ... Inco’s Technical Service De- 
partment is always ready to help you solve high- 


temperature metal problems. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


Jind ¢ ONEL ... for long life at high temperatures 


Metal Progress: Page 196 








Engineering Digest of New Products 





CORE-BAKING OVEN: The new 
Gordon-Campbell core-baking oven 
has a heavily insulated chamber 10 
in. wide, 12 in. high, 18 in. deep, de 
signed for maximum temperature of 


550° F. with sensitive, automatic, 


thermostatic control. A special double 
type air-diffusing system is employed 
to insure a large volume of air to 
enter the oven with an equal amount 
of air intake at both the front and 
back of the chamber. In this way 
with a minimum of three to four air 
changes per minute, convected heat is 
used to best advantage for drying ani 
baking, rapidly eliminating the gases 
and moisture. 

For further information circle No. 59 
on literature request card on p. 200% 


SERRATING TOOL: National Ca: 
bon Division, Union Carbide and 
Carbon Corp., now has available ar 
improved hand serrating tool for us« 
with Karbate brand impervious 
graphite pipe. The tool is simple, 
rugged and easy to use, assuring a 
tight, workmanlike joint in a min 
mum of time. It provides an advan 
tage over other types of piping since 
it facilitates quick assembly of Ka) 
bate pipe on the job site. Pipe sizes 
from 1 to 6 in 
serrated. 

For further information circle No. 90 
on literature request card on p. 200B 


inclusive may be 


CHIP REMOVAL: The Magnus Aja 
Dip chip-removing machine, a product 
of the Magnus Chemical Co., Inc., is 
proving a time and money saver in 
plants where the removal of metal 
chips and light oil from machined 
parts has always been a problem. Be- 
cause the work, as a rule, consists of 
small units that are more easily han- 
dled in tote boxes or baskets in quan- 
tity, the removal of the chips from the 
mass of parts is not easy or anywhere 
near complete when spray cleaning 
machines or degreasers are used. In 
the Magnus machine the batches of 
parts are vigorously agitated up and 
down through the cleaning solution 54 
times a minute. At each up and down 
troke the solution is put in turbulent 
motion. As the solution rushes back 
and forth against and through the 
parts, it scrubs the parts and removes 
metal chips, oil and dirt even down in 
the center of the load. The chip- 
removing job is fully automatic, re 
quiring only manual loading and wu: 

loading of the machine—a one-ma: 
operation. Magnus chip-removing 
machines are available in severs! 
sizes, handling from 75 to 10,000 
pounds of parts per batch. 

For further information circle No. 91 
on literature request card on p. 200B 


PLATE-EDGE PREPARATION: Air 
Reduction Sales Co. has announced 
the availability of a new plate-edge 
preparation , device, designed to in- 
crease production and insure clean 
‘ut, accurate preparation of plate 
edges. Its ability to cut a single or 
double bevel accurately, with or with 
out a land, recommends it especially 
It may be mounted on any gas cutting 
machine equipped with a 3-in. square 
torch bar. Torches may be individually 
positioned vertically or laterally with- 
out changing the bevel angle. Fuel 
and preheat pressures are initially set 
with individual torch valves, and once 
set, the master valve controls turning- 
on and shutting-off gas supply without 
disturbing settings of the individual 
torch valves. 

For further information circle No. 92 
on literature request card on p. 200B 


BETATRON: The Allis-Chalmers 22 
million-volt Betatron, distributed by 
the Picker X-Ray Corp., is the newest 
and most efficient tool for preduction 
radiography of large heavy-metal 
castings. X-Rays from the Betatron 


will penetrate 20 in. of steel in 10 
min. (4 in. of steel in a matter of 
seconds). Because of its wide latitude 
(up to 6 in.), fewer radiographs need 
to be taken. In addition, no time- 
consuming blocking materials are 
used. The detail is so excellent that a 
-in. crack is revealed in steel sec- 
tions ranging from 2 to 12 in. thick 
ness. A ys-in. crack can easily be seen 
in steel sections 20 in. thick. 
For further information circle No. 93 
on literature request card on p. 200B 


HOT-COLD TEST STAND: Latest 
addition to the line of testing equip- 
ment built by Electro Mechanical De- 
vices is the hot-cold test stand, which 
will produce any temperature between 
70 and +230° F. Designed for test 
ing small aircraft parts, the test stand 
has a deep well which can accommo- 
date parts measuring up to 6 x 6x & 
in. The item to be tested is simply 
placed in the deep well and the ther 
mal selector set at the desired temper 
ature. The deep well is then chilled or 
heated to the selected temperature. 
To accommodate testing of small parts 
which are mounted on larger assem 
blies and cannot be placed in the deep 
well, the thermal fluid can be circu 
lated in a closed system a short dis- 
tance from the test stand in insulated 
lines. 
For further information circle No. 94 
on literature request card on p. 200K 
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MAGNESIUM SAFETY TONGS: 
Safety tongs of new design and con 
struction have recently been intro 
duced by Magline, Inc., manufacturer 
of magnesium products for industry. 
Cast from magnesium alloy, the tongs 
are designed to crush, if caught 
within the die opening, without inflict- 
ing any damage to the die itself. The 
tongs are the result of many requests 
for a unit which would combine light 
ness, strength and rigidity. They pe 
mit easy one-hand operation and clea 
the way for higher production speeds, 
while actually reducing operator fa 
tigue. The medium-duty tongs weigh 
only 6 Oz. 

For further information circle No. 95 
on literature request card on p. 200B 


ARGON ARC WELDING: A new 
hand torch and automatic wire drive 
unit for argon metal-are welding has 
been announced by The Linde Air 
Products Co. Faster welding can be 
performed than has ever been possible 


with hand welding equipment. The 


consumable electrode serves as the 
filler metal. Welding rod is fed from 


a coil into an argon-protected atmos 
phere at a steady predetermined rate. 





COLD FINISHED 


STECs 


CARBON AND ALLOY 


FINISHED ¢ 
ow "te, 


= 
WYCKOFF STEEL COMPANY 


FIRST NATIONAL BANK BUILDING - PITTSBURGH 30, PA. 
3200 S. KEDZIE AVENUE - CHICAGO 23, ILLINOIS 
Chicago, Ill. 


Works at: Ambridge, Pa. 
Newark, N.J. + Putnam, Conn. 
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PRECISION DIMENSIONS, 
ACCURATE SHAPES AND 
DEPENDABLE FINISH 
AUTOMATICALLY GIVE YOUR 
END-PRODUCTS THESE 
DESIRABLE CHARACTERISTICS 


LLS 
nt MO ou! 
A ONVENIEERVE you 








rhe unit consists of the Linde FSH-4 
Argon Metal Are Hand-Welding 
lorch and the FSM-2 Rod Feed Unit 
Hand-welding can be applied on butt, 
lap, fillet, edge, and corner joints ir 
the overhead and vertical, as well as 
in the horizontal and flat positions 
Argon are welding has been performed 
on metal thicknesses from to % in 
in aluminum and copper alloys, stain 
less steel, and similar metals. For 
heavy plate, the multi-pass technique 
makes possible the welding of any 
thickness 

For further information circle No. 96 
on literature request card on p. 200B 


NEW IRIDITE FINISH: A new low 
cost Iridite treatment for bright-type 
finishing of zine plate in automatic 
plating machinery has been an 
nounced by Allied Research Products, 
Inc. Like all Iridite finishes, this new 
compound produces a_ protective 
chromate film on the surface of the 
treated parts. However, its most im 
portant advantage is the fact that the 
protective film can be produced or 
zine-plated coatings of less than 
0.0001 in. thickness. Thus, the use of 
new material will enable manufac 
turers of zine-plated products to 
stretch available zine supplies further 
Cost of application per square foot 
ranges from as low as 3/100¢ for 
strip-mill plating operations to only 
1/10¢ on piece parts in automati 
plating machines. The coating itself 
is bluish bright or yellow iridescent, 
depending on the user's choice of op 
erating conditions Corrosion resist 
ance varies upward with the intensity 
of the iridescence. This new Iridite 
can be applied from an immersior 
time that may vary from 20 sec. up to 
more than a minute No bleaching 
operation is required 

For further information circle No. 97 
on literature request card on p. 200B 


ARC WELDERS: A new series of in 
dustrial a-c. are welders has been 
announced by Marquette Manufactur- 
ing Co Available in three sizes 
200, 300, and 400-amp. capacities 
they are designed for heavy-duty pro 
duction welding One of the key 
construction features is the use of 
Hipersil transformer cores, which pro 
vide greater flux-carrying capacity, 
reducing power consumption and op 
erating costs. 

For further information circle No. 98 
on literature request card on p. 200B 
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INKLESS STRAIN RECORDER: A 
new recording SR-4 strain amplifier 
which reproduces both static and rap 
idly changing strains, forces, fluid 
pressures, displacements, vibrations, 
acceleration, on a strip chart with 
rectangular coordinates, is announced 
by the Testing Equipment Dept. of 
The Baldwin Locomotive Works. It is 
known as the Baldwin-Sanborn 
recorder. The instrument is a direct- 
writing, inkless, vacuum-tube volt- 
meter consisting of (a) an a-c. strain 
gage amplifier of the conventional 
modulated carrier type in which the 
bridge is excited by a built-in oscil 
lator, (b) a D’Arsonval moving-coil 
recording galvanometer in which a 
current of 10 milliamp. produces a 
writing arm torque of 200,000 dyne-cm. 
and 1 em. deflection, and (¢) a paper 
drive mechanism. 

The writing arm has a heated sty 
lus which wipes across heat-sensitive 
record paper as it is pulled over a 
sharp, straight edge by the paper 
drive mechanism, thus producing a 
black line on a white background. 
Standard paper speed is 25 mm. per 
sec. When the SR-4 resistance wire 
strain gage is used, assuming one 
active gage having a gage factor of 2, 
the sensitivity is about 50 micro-in. 
per in. per cm. deflection. Expressed 
another way, if the resistance of one 
arm of the bridge changes by one part 
in 10,000, the deflection of the writing 
arm will be 1 cm. 

For further information circle No. 99 
on literature request card on p. 200B 


DOUBLE DRUM MAGNET: Dings 
Magnetic Separator Co. has announced 
the development of an Alnico double 
drum magnetic separator, for the au 
tomatic separation of magnetic and 
nonmagnetic products. This unit is 
well suited for processing nonferrous 
chips and fine borings containing less 
than 10° iron contamination. Non- 
magnetic material flows over the 
drum shell in a normal trajectory. 
Magnetics are held fast to the surface 
of the shell for one half revolution 
until they are carried to a point be 
yond the magnetic field, to be sepa 
rately discharged 

The complete unit is available in 
nine different sizes covering most ap 
plications. A 25-in. unit, for example, 
has a capacity of 2000 to 4000 lb. per 
hr., depending on the nature of the 
scrap 
For further information circle No. 100 
on literature request card on p. 200B 


HERE’S THE 


icrocast 


' STORY FOR YOU 


FILE On 


MICROCASTING 


Cage Histories 


This colorful new folder is fully 
illustrated, shows you actual 
Microcasting applications for 
both industrial and defense re- 
quirements. Every design engi- 
neer needs a copy of “Microcast 








The precision process orig 
inated by Austenal Labora 
tories, Inc. for the produc 

tion of Castings of intricate 
design using the high melt 

ing point alloys where sur 

face smoothness and di 

mensional uniformity are 
mandatory, requiring little 
or no machining. 


Case Histories.” Write for yours 
today. Free! 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC 
224 East 39th St., New York 16, New York 
715 East 69th Place, Chicago 37, Illinois 
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TWO-PEN RECORDER: The new can follow swiftly changing variables width. The HP-36 uses a 10-hp. drive 
two-pen Speedomax electronic with ease. Two separate electronically motor. It has a three-speed trans 
recorder announced by Leeds & amplified measuring circuits, two bal mission and variable drive that gives 
Northrup Co. records two functions ancing motors, and two recording pens a tool speed range of 40 to 10,000 ft 
simultaneously against time. The in are all housed in one standard Speed per min. The hydraulic table will 
omax case. Circuits can be supplied 

to work with thermocouples, Therm 

ohms, strain gages, tachometers, 

thermal converters, pH cells, or most 

other types of primary elements. Th« 

instrument can operate controls or 

alarms. Speed of response for full- 

scale pen movement is 3, 2 or 1 sec., 

as specified. Chart speed—the Y or 

time axis—can be selected in the 

range of 1 to 1800 in. per hr. To aid 

in identification, the instrument draws 

one curve in red ink, the other i: 

black. 

For further information circle No. 10! 

on literature request card on p. 2008 





BANDSAWING MACHINE: The 

DoAll Co. announces a powerful new 
strument saves tedious compilation bandsawing machine HP-36 Hydro- 
and point-by-point plotting of data. Feed. Throat capacity is 36 in., work 
Since both functions are drawn as height from 15‘ in. up. The machine 
continuous curves on the chart, users uses standard saw bands up to 1 in. support workpieces weighing a tor 
or more. The table slides on 28 roll 
ers distributed over a 36 x 87-in. bed 





The in-feed rate is controllable up to 
For Every ettehi Treating Problem 6 whe per min. with quick return. The 

an Sewices: HP-36 is designed for heavy-duty pre 
cision sawing. It will cut thick sec 


Cerbon-Restoration, Elec- tions of any ferrous or nonferrous 
: : . materials that can be machined with 
tronic Induction Hardening, 
standard carbon steel saw bands. Ir 
Flame Hardening, Heat addition it will friction-saw tough 
Treating, Bar Stock Treating ferrous alloys such as stainless steels 
and Straightening (mill up to ‘sz in. thick several times faster 
lengths and sizes), Anneal- than conventional sawing 
For further information circle No. 102 


ing, Stress Relieving, Nor- : 
3 s on literature request card on p. 200B 


malizing, Pack, Gas, or 
Liquid Carburizing, Nitrid- 
ing, Speed Nitriding, Aero- 
casing, Chapmanizing, Cy- 


DIE-CASTING MACHINE: The 
A. B.C. Die Casting Machine Co. has 
announced an air-operated zinc die 
aniding, Dry Cyaniding, casting machine with completely auto 

Sand Blasting, Tensile and matic cycling and adjustable timing 

EVERY MODERN METHOD of STEEL IMPROVEMENT Bend Tests msrp cae Bigeye Aaapor sgt Sea 
the toggle and injection of the molten 
metal. The machine will produce cast 
ings up to 1 lb. utilizing die blocks 
Lakeside is scientific heat treating, flame hardening and induction hardening from 1% in. thickness by 8 x 10 in 
; ; with an allowable increase in die thick 

headquarters for all your steel—from rough forgings, castings and bar stock, to ness up to 3 in. for each half. The 
finish-machined precision parts—all sizes, shapes, quantities. Here is your machine is equipped with a 200-lb. pot 


area's largest, most modern steel treating plant. Call or write today! and is capable of a free cycling speed 
beyond 1000 shots per hr. It was 


THE designed primarily for economical 
single-cavity dies in view of its speed 
» in production. 
9100 








For further information circle No. 103 
GH $= 5418 LAKESIDE AVE, CLEVELAND 14, OHIO HENDERSON on literature request card on p. 200K 
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131. Heat Treating 
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BUSINESS OPPORTUNITY 
An opportunity to partici- 
pate in the big, important 
and timely 
WESTERN METAL 


CONGRESS & EXPOSITION 


CIVIC AUDITORIUM - OAKLAND, CALIFORNIA 
March 19th thru 23rd, 1951 














- e 
* e 
° YOUR OPPORTUNITY e 
to serve and sell western industry in its search for sources 
. of new, improved and substitute metals products. as 
* . 
YOUR OPPORTUNITY 
e pri ‘de ' ° 
to exhibit your products at an exposition that has enjoyed 
. an assured and continuing success over the years! e 
* e 
PLAN TO ATTEND 
° . don’t miss this important exposition . . . it - 
° will help you determine what to do now and e 
what to do next to maintain, improve and ex- 

z pand your production! e 
* 7 
RESERVE YOUR DISPLAY SPACE NOW 
° . co-operate in this important, timely western ° 
e event. Write or wire collect for floor plans and e 

complete details to W. H. Eisenman, Managing 
+ Director, Western Metal Congress & Exposition, ° 
918 Fallon Street, Oakland 7, Calif., Telephone 
° Higate 4-6533, or 7301 Euclid Avenue, ° 
° Cleveland 3, Ohio . .. Telephone UTah 1-0200. e 
e 
* 
° Sponsored by The 
American Society 
© for Metals inco- 
e operation with the 
western branches of 
. 20 other National 
Technical Societies. 
e 











WHAT'S NEW 


IN MANUFACTURERS’ LITERATU 








. - 
141. Laboratory Safety 15 
Newly revised edition of 40-page booklet I 
cludes recently developed data, techniques and Ind 
quipment, and provides useful manual for setting ‘pt 
ip complete laboratory safety programs. Fisher fo 
tentific Cx 
. . 15 
142. Lubrication of Hot 
Metals 1 
New bulletin 426 describes how colloidal graphite pot 
can solve your lubrication problems in hot metal vol 
torming operations Acheson Colloids Corp 
- 
. . 
143. Metal Cleaning us 
Revised and enlarged edition ot An Introduc 
ion to Electrolytic Cleaning contains latest ~— 
niormation on various electrolytic cleaning pro “= 
cesses, including cleaning of die-cast metals oe 
cuprous metals reverse current cleaning. soaker Pad 
tank cleaning and paint stripping DuBois Co = 


- 

144. Metal Cutting 18 
New 64-page catalog gives prices and describes 

omplete line of rotary files, burs. metalworking 

saws and other product Martindale Electric C pre 
5 s 

145. Metallography Le 
Catalog E-210 describes photomicrograph 

equipment model L, with proper accessories t 

neet all requirements for high and low photo ‘ 

opying. Bausch & Lomb Optical Co. 


146. Metal-Treating 






Standard «7 


Automatic 


Ammonia ve 
Bulletins available on “Ammonia Installatior 
Metal Treating Effective Use of Dissociated I! 
Ammonia Carbonitriding of Steel” and “ Nitrid 
1 Process 4rmour Ammonia Dit 
- . . m™ 
147. Microcasting 7 
: New color-illustrated folder Microcast ( ase ' 
. Histories’, describes microcasting applications fot I 
both industrial and defense requirements dusten 
AT TREATING FURNACES “us. On 
fa] La 148. Oil Quenching a 
New folder available on oil quenching without is 
d | 100# h t 6004 er hour distortion, using hot oil at temperatures up t ba 
0 e $ “ee per our 0 p s50°F without undue thickening or oxidatio th 
F kk. PF. Houghton & Co 1 
capacity 149. Organic Solvents 1 
64-page handbook packed with iniormatior 
ncluding hundreds % definitions, comparisor 
tables, testing methods and product descriptions 
n a wide variety of organie solvent 1 commor 
is€ Pocket size lor eae reterer The Solvoen 


150. Ovens l 
e Over the ibject nev 

nd rolling drawer over i 

sten ww gas, oil st 
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151. Photography 
Book entitled “Functional Photography 
Industry 


Kodak Co. 


152. Potentiometer. 
Portable 


Bulletins 270 and 270-A describe portable 
1.6 


potentiometers in a selection of ranges up t 
volts. Rubicon Co 


153. Presses, Powder 
Powder metallurgy is being 
manufacture of many products because ot 


chosen tor 


economical high-speed production possible. Illus 
complete line of Kux 
presses available for every phase of this important 


trated catalog shows the 

industry. Kux Machine Co 

154. Protective Coatings 
S-page bulletin gives quick reference st 


metal protective and paint bonding chemical 
processes imerican Chemical Paint Ce 


155. Quenching Oil 


New technical bulletin F8 describes triple-actix 
juenching oil. Accelerators provide deeper harder 


ng and reduced distortion Park Chemica 


156. Refractories 
40-page booklet, 
Treatment Furnaces 


157. Refractories 


deseribes processes and techniques 
spplicable to a wide range of endeavor. FEastmar 


Super Refractories tor Heat 
gives recommendations tor 
many specific types of turnaces. Carhorundum ( 


New Insulation Chart IN-6D gives recommended 


nsulation for every temperature range from 1 
100 °F to plus 3000°F Johns-Manmile Cort 


158. Salt Baths 


Technical data sheets now available on two 


arburizing compounds, barium-base materials to 


ise in liquid bath earburizing. One is a briquetted 


mixture, relatively high in sodium cyanide 


and 


ised to control cyanide concentration in operating 
baths. The other is a granular mixture used for 


the original fusion and to replace drag-out los« 


imerican Cyanamid Cc 


~ . 
159. Saws 

Catalog 49 describes complete 
utting saws 
types, including fast, automatic productior 
hydraulic hack-saws, and widely used small 
saws irmstrong-Blum Mfg. ( 


160. Shape Cutter 
Bulletin ADC-660 furnishes complete inior 
uion on new low-priced portable 


shape-cutting machine that cuts steel up to 8 inche 


thick in an area 86 inche tir Redu 


Sales Co 


ide the United States, proper 
t be affixed for returning card 


terature circled at the left sent to me 


Title 


ufectured 


be mailed prior to May 1, 1951— 
lents should write direct to manufacturers. 


xyacetyler 


covering 35 models in ten bask 


: ° . 
161. Specimen Cut-Off 
Machines 

This folder describes the complete Buehler line 
1 cut-off machines Five models are available 
for samples from %” diameter to 4” diameter 
Buehler Pid 


. : . 
162. Specimen Cutter 

Bulletin 5-772 describes new submerged specimen 
cutter Self-contained unit, semi-automatic pro 
vides slow-speed cutting edge and rigidly grips 
specimen totally under water, to avoid burr and 
burn. Precision Scientific Co. 


163. Spectrophotometer 
Bulletin B-211 illustrates juniar-size pectro 

photometer for identifying and measuring solutior 
mstituents in analytical or production labora 
wies. Harshaw Chemical Ce 


. . 
164. Springs 
New 8-page bulletin, “Spring Buyers Guide 

is designed to aid economical purchasing of coil 
springs Illustrated with photographs and line 
drawings and divided into sections on engineeri ng 
manufacturing. materials, and glossary of spring 
makers’ terms. Hunter Spring Ce 


165. Steam Drop Hammers 
Protusely-illustrated 24-page brochure describe 
mstruction of steam drop hammer Forve 

Foundry Ce 

166. Steel, Alloy 
New 24-page booklet, “How 

Buy Alloy Steel with Confidence 


Specify and 
emphasize 


the importance of careful selection, positive 
knowledge of properties and accurate heat treat 
ment in purchasing alloy steels. Jos. T. Ryerson & 
Son, Inc 


- . . 
167. Steel Bar Stock 

New bulletin AM-100 describes new develop 
ment in steel bar stock, cold drawn in special 
sections to fit specific purposes. A. Milne & Cx 


168. Steel Brake Die 


For full information on top quality brake dic 
teel, engineered to machine easily and give long 
ervice, write for folder 560. Bethichem Stee Co 


169. Steel, Stainless 

New bulletin describing analysis of new stainless 
steel that offers superior corrosion resistance t« 
hot solutions of sulphuric acid. Available in bar 
vire, strip and forging billets. also tubing pipe 
heet and plate. Carpenter Steel C« 


- . * . 
170. Steels, Stainless 

Weekly lists with analyses of all plates in stock 
will keep you regularly informed on latest data 
G. O. Carlson, Inc 


- . . . : 
171. Straightening Machines 
New 4-page catalog 7265 describes eleven models 
rotary straighteners to remove bends, bows 
waves and kinks from tubing or pipe of any metal 
Mackintosh-Hemphill Co 
- +, . 
172. Testing 
New 30-page catalog on screw power universa 
sting machines and accessories includes lus 
rations and details of construction and spe 
ion \lso information on special tools tor differer 
ests. American Machine & Metals, In 


173. Test Specimens and Opti- 
cal Equipment for 
Metallography 

lest specimens are common metals and alloy 
ymunted and identified, and supplied with photo 
CTORT: aph analysis, hardness, et r 

parison or teaching. Buehler, Lid 

74. Thermocouples 

Catalog 59-R tells complete story about use 


Chromel-Alumel couples and extension leads 
Hoskins Mfg. Co. 





4 








- , 
5. Thermocouples 

Two new sections are now included in the 

thermocouple catalog, listed as Sections 12 and 23 
»vering aircraft thermocouples and quick coupling 
mnectors hermo Electric Ce 


176. Tool Steels 


\ Progress Report on ‘E’ Steel” outlines the 
nany advantages of these faster. smoother } & | 
tool steels for increased production on difficult 
jobs as illustrated in 11 case histories of actua 
shop tests. Jones & Laughlin Steel Corp 


-- on . . 
177. Tools, Carbide 

Attractive illustrated catalog GT-250 contair 
©) pages of complete information on carbide tool 
and parts as well as full instructions on how 
select and apply them. Carboloy C« 


- +, : 
178. Tubing 

For full information on solving your tubing 
problems and details on particular uses of seamless 
and weldrawn types, send for bulletin 31. Superior 
Tube Co 





179. Turbo-Compressors 

Bulletins available as follows: Data book 107 
Gas Boosters 109, Four-Bearing 110, Blast Gate 
122, Foundry 112. Descriptive bulletin 127 and 
Technical bulletin 126. Send for each by number 
w particular application. Spencer Turbine Co 

































































































0. Note te Execitvew 


Oilite is an effective 
replacement, not a 
mere substitute 


In the last decade, more and 
more executives have become 
“Oilite minded” because the 
advantages are many.To meet 
the current situation, many 
of our customers have changed 
their specifications to replace 
strategic copper and tin with 
products of iron powder or iron 
powder alloys. Others are re- 
placing iron castings, steel and 
aluminum with similar Oilite 
products. 

Also of importance to exee- 
utives, under conditions of 
urgency, are the w ide adapta- 
bility, the speed of delivery, 
and the economy of cost, time 
and manpower which result 
from the use of Oilite finished 
machine parts, made from 
metal powders. 

Intricate designs, which 
normally require many differ- 
ent machining operations, can 
be produced quickly and eco- 
nomically from Oilite. There 
is great freedom of design and 
frequently two or more parts 
can be combined a single 
Oilite unit. Oilite eliminates 
upto24 machining operations 

Delivered ready for assem- 
bly, Oilite parts save the time 
and investment required to 
tool up by standard methods 
It is not unusual to be in pro- 
duction on a complex Oilite 


you 


wre part within a few weeks, as 

‘oe compared to a possible 18- 
mee month delivery of machine 
ther tools. Trained manpower is 
eers thus released for other urgent 
and needs. 


Oilite is not a substitute. 
It is metallurgy’s answer to 
the need for a new material. 
It may solve your problem 


President 
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161. Specimen Cut-Off 
Machines 


W : a Y 7 This folder describes the complete Buehler line 

H 4 S | W # cut-off machines Five models are available 

Z A 4 VE for samples from 4” diameter to 3” diameter 
Buehler Lid 


a hl ~ t “pea? + . . 
IN MANUFACTURERS’ LITERATURE 162. Specimen Cutter 

Bulletin 5-772 describes new submerged specime: 
utter. Self-contained unit, semi-automatic, pro 
ides slow-speed cutting edge and rigidly grips 
specimen totally under water, to avoid burr and 
burr Precision Scientific Ce 





. - 
141. Laboratory Safety 151. Photography 

Newly revised edition of 40-page booklet Book entitled “Functional Photography ir Spec trophotometer 
ncludes recently developed data, techniques and Industry deseribes processes and techniques sull B-211 illustr : " 
equipment, and provides useful manual for setting ipplicable to a wide range of endeavor. FEastmar photon t for identi nd ur 
ip complete laboratory safety programs. Fisher Kodak Co nsti t n analyt 
Sctentifi Coa ' « H Chem 


142. I soati 15 Potentiometer, 
2. Lubrication of Hot 
Metal Portable 
etals 7 ) 
N b . Bulletins 270 and 70-A describe por 
ew bulletin 426 describes how colloidal graphite potentiometers in a selection of ranges up t ’ } “ - ~ Be 

can solve your lubrication problems in hot metal volte Rubicon Co ! ‘ graphs ¢ : 

torming operations Acheson Colloids Cort drawings " tr mn engineering 
anufacturing Ossat pr 


ind » 
143. Metal Cleaning 153. Presses, Powder oom groin 
. . . Powder metallurgy is being chosen tor ti = 
mh . ‘to. Electrolytic oa ™” Ag an 1 nanufacture of many products beeause ‘it 165. Steam Drop Hammer» 
. elie 7 a “con 1 high-speed production possible 1 Profuse strated 24-page br 
niormation on various electrolytic cleaning pro ~ a + pee le ine of ° . t 
cesses lochading cleaning of die-cast metals rated catalog shows che oe snc LT UCTION tea drop h 
uprous metals reverse current cleaning, soaker presses ae every phase of this importa Foundry Ce 
tank cleaning and paint stripping. DuBois Co industry. Kas Machine ¢ 1 Steel, All 
e . . . 66. Steel, oy 
144. Metal Cutting 154. Protective Coatings Sen Stamm aocien 
New 64-page catalog gives prices and describes Spage bulletin gives quick reference to Buy Alloy Steel witt 
complete line of rotary files, burs. metalworking metal protective and paint bonding chen me the 
saws and other products. Martindale Electric Cc processes American Chemical Paint ( 


145. Metallography 155. Quenching Oil o 

Catalog E-210 describes photomicrograph New technical bulletin F8 describes triple ! - a S 
equipment model L, with proper accessories t juenching oil. Accelerators provide deeper ha nde 167. Steel Bar Stoc k 
meet all requirements for high and low photo g and reduced distortior Park Chemica New bulletin AM-100 des ribes 


ent r tee b stax 
copying. Bausch & Lomb Optical Co. - . oi . A 
146. Metal-Treati 156. Refractories ections to fit spe 
5 - y ay fractories for Hea 
a- SreRting 40-page booklet, “Super Refractor H 168. Steel uke Die 
Ammonia Treatment Furnaces”. gives recommendations f For full information on top qual 

Bulletins available on “Ammonia Installatior 1y apace types @ = warn nginewed to machine easily and give long 
for Metal Treating Effective Use of Dissociated deed - * ce, write for folder 560. Bethlehem 
\mmonia Carbonitriding of Steel” and “N d 157 ° Refrac tories 
ng Process Armour Ammonia Dir New Insulation Chart IN-6D gives recomr ded 169. Steel. Stainless 

= ‘ o nsulation tor every temperature range [ror ' New bulletin describing 
147. Microcasting 100°F to plus 3000°F. Johns-Manville Cor reel that oBers cugerios 

New color-illustrated folder Microcast Cast 3 hot solutions of sulphuric 
Histories’, describes microcasting applications tot 158. Salt Baths wire, str < forging bil 
| ae» indus oi and defense requirements. Austena Technical data sheets now av mn t A heet and f Carpenter Stee 

shoratorie m arburizing compounds, barium T als 1 - ” 
1 18 Oil . shi ise in liquid bath earburizing ne i sett 170. Steels, Stainle Ss 

- Que nening mixture, relatively high in sodium cyani | Week! i n stock 

New folder available on oil quenching without ised to control cyanide concentration in operating ll ke if ry form t test data 

distortion, using hot oi) at temperatures up t baths The other is a granular mixture 


350°F. without undue thickening or oxidatior the original fusion and to replace drag ‘ . i‘ \ 
F. F. Houghton & Co American Cyanamid ( : 1g lachines 


e > ribes eleven mode 

149. Organic Solvents 159 

ct ree handbook packed with informatior 7 
neluding hundred % definitions, comparisor 
tables, testing methods and product descriptions . 
~ ; cneleier af a a txmcllly = “ pes. including fast, automatic prod t wd Teating 
n a wide variety of organic solvents in comm a ee ee Se eee eee Testing 
saws irmstrong-Blum Mfg. ¢ “-page cata 


Saws 
Catalog 49 describes complete line 
utting saws, covering 35 models ir 


ise Pocket size for easy reference The Solven 
& Chemicals Group 


150. Ovens 160. Shape Cutter iso informatior 
Portable Core Ovens is the subject o v Bulletin ADC-660 furnishes mp t ‘ t tcan Ma 
bulletin 206. Shelf-type and rolling drawer oven tion on new low-priced porta ve ylene _ - . . . 
with recirculating heating systems for gas , hape-cutting machine that cuts s ) 1 : Test Specimens and Opti- 
electricity are illustrated and described nd thick in an area 32 by 56 inche ' fed - ry s = 
re vs iy a cal Equipment for 
Metallography 


cimens are common metals and 


‘ 
id ident ified ,and upp ied with | phot 


© If mailed from countries outside the United States, proper i — ph nardn 


te hing nual er 1 1 


amount of postage stamps must be affixed for returning card oie Ra ouples 
al 8 59 -R tells 
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108 146 Fool Steels 

109 147 anny hh cueetner 1 & 1 
110 148 Ti send chau tar boven ciatinn dan cen 
111 149 me = be a il Roy Ye 
112 150 pt & Le gughlin Steel Corp 
113 151 Compeny 177. Tools, & arbide 
114 152 Attr 
115 153 
116 154 Products Manufactured 
117 H+ 
118 1 
119 157 Address For fu 1 informe 

158 and we and deta 

159 City and State ruse ¢ 


160 179. Turbo-C om pressors 

161 Bulletins available as ws: Data book 107 
162 s Boosters mur-Bearin Blast Gate 
bw Postcard must be mailed prior to May 1, 1951— chnical bulletin (yr 


Students should write direct to manufacturers encer Turbine Co 
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Th Re: Specifications 


TO HELP OUR 
METALS SITUATION: 
CONSIDER 


DILITE 
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OILITE may relieve your shortage 


of critical materials 


Particularly in mass-production 
units of small and medium size, 
Oilite finished machine parts and 
bearings can be made to your 
design in a broad range of ferrous 
and nonferrous metals and alloys, 
except as limited by government 
control. Moreover, Oilite prod- 
ucts of ferrous base may serve 
excellently instead of scarce non- 


= 


we 


ferrous units or as replacements 
for steel and castings. 

When you employ Oilite you 
also obtain the benefits of more 
than 20 years’ engineering, re- 
search, and production experience 
in powder metallurgy, together 
with the service of field engineers 
throughout the United States and 
Canada. 


You are invited to contact 


the field engineer in your district or 
write the home office regarding 


the application to your needs 
of Oilite products. 


AMPLEX manuracturine company 
Cubsiliary of Chaylee Couporalion 


DETROIT 31, 


MICHIGAN 





0. Note to Erecicliwes/ 


Oilite is an effective 
replacement, not a 
mere substitute 


In the last decade, more and 
more executives have become 
“Oilite minded” because the 
advantages are many.To meet 
the current situation, many 
of our customers have changed 
their specifications to replace 
strategic copper and tin with 
products of iron powder or iron 
powder alloys Others are re- 
placing iron castings, steel and 
aluminum with similar Oilite 
products. 

Also of importance to exec- 
utives, under conditions of 
urgency, are the wide adapta- 
bility, the speed of delivery, 
and the economy of cost, time 
and manpower which result 
from the use of Oilite finished 
machine parts, made from 
metal powders. 

Intricate designs, which 
normally require many differ- 
ent machining operations, can 
be produced quickly and eco- 
nomically from Oilite. There 
is great freedom of design and 
frequently two or more parts 
can be combined in a single 
Oilite unit. Oilite eliminates 
upto24 machining operations. 

Delivered ready for assem- 
bly, Oilite parts save the time 
and investment required to 
tool up by standard methods 
It is not unusual to be in pro- 
duction on a complex Oilite 
part within a few weeks, as 
compared to a possible 18- 
month delivery of machine 
tools. Trained manpower is 
thus released for other urgent 
needs. 

Oilite is not a substitute. 
It is metallurgy’s answer to 
the need for a new material. 
It may solve your problem 


Ft Komen 


President 


OILITE 


Field Engineers and Supply Depots in Principal U. S. and Canadian Cities 
———___———— —-OILITE PRODUCTS 
Heavy duty, oil-cushioned, self-lubricating bearings and finished 
machine parts in ferrous and nonferrous metals and alloys. Per- 
manent filters. Friction units. Self-lubricating cored and bar stock. 


PRODUCTS 








a Wedding 


of 
metal 
and 


plastic 


) TN this high vacuum coating cham- 
) 4 ber, metal evaporates from a heated 
crucible and condenses on molded 
iplastic items or sheeting. Result: pre- 
icious metal lustre at dime-store price 
}— beautiful enough for the appoint- 
tments of a fine automobile, uniform 
jenough for the condensers in America’s 
eeehens system. 

DPi not only supplies all the equip- 
ment you need for the process but 
works closely with manufacturers in 





A 











selecting undercoating and overcoat- 
ing lacquers and the best procedure for 
each particular production problem. 


The high vacuum chambers used for 
metal deposition are available in a large 
variety of sizes from a simple 12-inch 
glass jar to a stainless steel chamber 4 
feet in diameter and nearly 5 feet long, 
complete with versatile electrical con- 
nections and instrumentation. Indus- 


try is using them profitably in many 
applications besides coating —high 
altitude studies, experimental design of 
electronic tubes, exploration of new 
production techniques in impregnation 
that would never have been practicable 
before high vacuum became so eco- 
nomical to obtain. 


We've prepared a new data sheet that 
gives full engineering details about 
DPi's line of high vacuum chambers. 
That and an article discussing the tech- 
nique and economics of metal coating 
on plastics are yours for the asking. 
Write Distillation Products Industries, 
Vacuum Equipment Department, 753 
Ridge Road West, Rochester 3, N. Y. 
(Division of Eastman Kodak Company). 


high vacuum research and engineering 


Alse ... vitamins A and E... distilled monoglycerides ... more than 3400 Eastman Organic Chemicals for science and industry 





A-H5 solved a distortion problem and increased the 
production of large dies for blanking tonk heads 


A-H5 Cures Distortion 
of Large Blanking Dies 


\ manufacturer of water-heaters couldn't 
seem to prevent an excessive amount ol 
distortion in large-diameter forged rings 
of oil-hardening steel for blanking out 
heads for water tanks. Our distributor 
recommended A-H5 (5 pet chrome, air 
hardening tool steel because of its 
greater resistance to distortion and 
its added features of high wear-resistance 
and toughness. 

\fter A-H5 had been used for one 
vear, the records showed that 
licking the distortion problem, the air 


besides 


hardening grade had made possible a nice 
and the cost of 
vreater than before 


increase in produc tion 
the tool steel was no 
A-H5 is an 


pose grade 


economical, general-pur 
especially for tools and dies 
that eall for long wear, high resistance 
to distortion, and for extra safety in 
hardening. 


Our Tool Steel Engineer Says: 


ot om 
_, [here are good reasons 
af} e 
A>} 
a 
rN 
Most tool steel bars are furnished in the 
anne aled ‘ ond tion I he annealing Is done 


for annealing tool steel 


for two reasons 
1. To remove the stresses in the as 
rolled or as-forged bars which 
could otherwise lead to cracking 
lo produce the lowest 
with the best 


possible 
hardness consistent 
machinability 

During the 

must be used to 


annealing operation, care 
avoid excessive sealing 


and decarburization. The bell-type, con 


trolled-atmosphere furnaces used in our 


tool-steel m ll are ideal for this purpose 
We can far surpass the results obtained 


with ordinar annealing equipment, 


TOOLS MADE OF 67 CHISEL 
WITHSTAND BRUTAL SHOCK 


67 Chisel, used in this punch, absorbs plenty of shock 
in the forming of ports from 0.185-in. sheet steel 


As its name implies, 67 Chisel is pri 
marily for shock tools but chisels 
account for only a small proportion of 
applications. This 
tungsten steel has high shock-resistance, 


its many chrome 
good red-hardness, and it is readily eat 
burized for high wear-resistanee, 

7 Chisel is first choice for master hobs 
used in hobbing molds for plastics and 
die-casting work. It's often used for 
pune hes, sWwarihny dies, ealking and bead 
ing tools heavy shear blades for cold 
work and for hot work up to 1000 F 
and various shock and hot-work jobs such 
as studs and bolts for elevated tempera 
tures, drop-forge die inserts, piercers, 
headers, and forming tools 

Carburizing produces a high surface 
hardness that’s reinforced by a tough, 
shoek-resisting core. 67 Chisel has very 
high impact properties—about 175 ft-lb 
That's really tough! 

i7 Chisel is a mighty versatile grade to 
keep in mind when you need tools that 
will stand up under heavy shoek or high 
pressures ; and it’s especially 
mended for tools having deep recesses, 


recom 
corners, slender shanks— wherever great 
strength is needed. You'll tind it’s an easy 
steel to machine and heat-treat 

7 Chisel is stocked in many sizes and 
sections im our mill depot also by 
distributors of Bethlehem Tool Steels in 


principal cities. 


This die, used for ‘dim 
pling aluminum aircraft 
skin, is mode of 67 Chisel 
and is heated electrically to 

F so as to stress-relieve 
the aluminum during the 
operation 


Made of 67 Chisel, 
this intricate mos 
ter hob is used to 
hob ao mold covity 
for die-casting a mul- 
tiple geor 


Choose Tool Steel 
To Fit the Job 


Shop men sonletimes ive deep rooted 
ideas about tool steel that just aren't 
based on facts. The other day, for ex 
ample, we saw a mill ng cutter made tor 
a rather unusual machining job. The 
toolmaker had selected high speed steel, 
figuring it would last longest because it 
was the most expensive and the most 

highly alloved grade 
He made a poor choiwe, tor the high 
speed cutter produced only 18 pieces 
before it tailed. One of our tool-steel en 
rineers Was ealled on to explain this 
disappointing performance. He reeom 
mended Bethlehem XX Carbon Tool Steel 
and the first eutter made 


finished 175 piece 


trom it 


It’s just another instance of the longer 
tool life made possible by selecting the 
right grade of tool steel for the job. Our 
technical stall is always ready to assist in 
electing tool steels and in recommending 


the best methods of heat-treating 


AS 
se LB 


Bethichem : 2 Tool Steel 


"Este 





Need Refractories BAST AO 


Cast them on the job using a 
Castable Refractory made with LUMNITE* 


SLOW-COOLING PITS ot McKees Rock, 
Pa., plant of Carnegie-lilinois Steel Corporation 
show simple, monolithic Castable Refractory construction 


IF YOU'RE IN A HURRY to replace slow cooling pits, car tops, No daubing with mortar. And no cracks or joints 
furnace doors... practically any refractory shape to lose heat. 
-.. use Castable Refractories made with Lumnite. IF REPAIRS ARE NECESSARY, they can be made 
I hey reach full service strength in 24 hours or less! quickly, easily. The men in your own plant can 
Castables are easy to use. No skilled labor neces- mix and place the Castables. Outage time is cut to 
sary. They come to you dry, a balanced mixture of a minimum. 
aggregates and Lumnite calcium-aluminate cement. On your next job, specify Castable Refractories 
All you do is add water and pour into place. Your made with Lumnite. You’re assured of a uniform 
job will be finished and into production—fast! product made with carefully selected aggregates. 
SPECIAL REQUIREMENTS? Tricky insulation or temperature Castables are made by refractory manufacturers 
problems? Castables solve them because they're and sold by their dealers 
available with a variety of specially selected aggre- For further information, write Lumnite Division, 
gates for different temperature ranges. Universal Atlas Cement Company (United States 
Castable construction is simple. Monolithic walls Steel Corporation Subsidiary), 100 Park Avenue, 
replace hundreds of vulnerable joints and shapes. New York 17, N. Y. 


STEEL STACK gets a protective lining of Castable Refractory ADAPTABLE Costable Refractories can be cast into any shape 
Concrete. This lining resists high temperatures and attacks of or size. A good example is this 120-ton electric-are furnace for 
condensate and sulphurous gases. phosphate reduction, located at TVA's Wilson Dam in Alabama 


**LUMNITE" is the registered trade mark of the calcitum-aluminate cement manufactured by Universal Atlas Cement Company 


LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 





MP.-L.-41 





“TH? THEATRE GUILD ON THE AIR’'—Sponsored by U. S. Steel Subsidiaries —Sunday Evenings — NBC Network 
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Six years ago Rolock delivered this engineered-to- 
the-job monel motorized Tumbling Barrel to the 
Worcester Stamped Metal Co., Worcester, Mass. 
This barrel and, another one ordered after proof 
of efficiency was den onstrated, replaced former 
wooden crates requiring constant maintenance. 
Dimensions are 24” across the flats, 5’ long. 
Weight 425 lbs., load 1500 to 2000 Ibs. of steel 
stampings and castings...pickled in 10% solution of 
sulphuric acid. 


Offices in: 


Despite the fact that even some brass parts have 
been processed, both barrels are in excellent shape 
today and will continue to give many more profit- 
able hours of service. 

And long service is what you get with Rolock 
barrels, baskets, furnace muffles, pit type baskets, 
brazing trays, racks, etc., for all heat treating and 
finishing operations... built to handle larger loads, 
save time, improve work at lower costs. Try us... 


we make good! 


PHILADELPHIA *© CLEVELAND © DETROIT © HOUSTON * INDIANAPOLIS © CHICAGO ®* ST. LOUIS © LOS ANGELES © MINNEAPOLIS 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


for better work 
Easier Operation, Lower Cost 
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&) MARKS THE SPOT 


Where You'll Find Answers 


to Your Questions about Stainless 


We've taken our own experience in 
making Stainless—added a lot that we've 
learned about fabricating Stainless—and 
puc it in this 133-page Working Data 
Book 


To put this book of combined experience 
to work tor you, to xet a greater number 
of perfect parts from every pound of 


Stainless you buy, call your Carpenter 
representative and ask for a copy of the 
Stainless Working Data Book. If you 
don't already have a copy, he'll be glad 
to give you one. And when you talk to 
him, put him to work on any special 
problems you may have. He knows a lot 
about Stainless. And he is backed up by 
mill men who have spent their lives 


The Carpenter Steel Company, 133 W. Bern St 
t Department: Woolworth Bidg., New York 7, N.Y 


(Corpenter 


| 


digging for ways to do Stainless jobs 


better 


Make full use of Carpenter's service to 
users of Stainless. Call your nearest 
Carpenter office today for a copy of 
Working Data for Carpenter Stainless 
and Heat Resisting Steels or for 


personal attention to a specific problem 


Reading, Pa 
CARSTEELCE 


takes the problems out of production 


For Easy-to-Use Stainless Call Carpenter. Warehouses in principal cities throughout the country. 
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a bird in hand... 


And Lester-Phoenix die casting equipment in your 
own plant, means control of quality and 
production—with remarkable savings! That’s what 
Johnson Motors of Waukegan, Illinois found 
when they decided to do their own die casting, 
The aluminum part shown here, the shroud 
for one of their outboard motors, is run on their 
HP-3%s-X Solid Frame Lester. It averages .090” 
thick with a projected area of almost 200 sq. in. 
This is one of many parts they are producing 
in tremendous volume with consistently fine 
results on their Lesters. Lester-Phoenix welcomes 
your inquiries on equipping your plant 


to die cast your own parts. 


Write for your Free Copy of The Lester Press 


Chel IESTER-PHOENIX DIE CASTING MACHINES 


REPRESENTATIVES FOREIGN 
New York Steven Ff. Krovid tos Angeles Seaboard Machinery Co Toronto, Coneda . Modern Tool Works, Ltd 


Detroit Thoreson-McCosh h Sol London, England Dowding & Doll, Ltd 
Chicago i. 2 Jan ee Kavanagh Sales, Inc. Colcutta, India. . Francis Klein & Co., Lid 
Cleveland Don Williams So” Francisco J. Fraser Ro® Sydney, Australio . Scott & Holladay, Lid 
Cincinnati Index Machinery Corp St Lovis, Milwaukee A. 8. Geers Japan, New York W. M. Howitt, Inc 


distributed by LESTER-PHOENIX, INC., 2619 CHURCH AVENUE e CLEVELAND 13, OHIO 
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Photo by courtesy of 
Gramm Trailer Corp. 


High-tensile steel transport trailer aerates 
and discharges dry bulk load in minutes 


Fast unloading is a feature of this huge trans- 
port trailer. By simple but unique use of the principle 
of aeration, it discharges a cargo of cement or other 
dry, powdered, bulk material in just a few minutes. The 
trailer body is tilted as you see it here, low-pressure 
air is pumped through the load from below, and the 
“liquetied’’ dry cement flows out like water. 

By using Yoloy high-strength steel for the frameless 
body, the manufacturer reduced dead weight over 20%, 
thereby making possible a much greater payload, as 
well as simplifying unloading and manipulation of the 
vehicle on and off the road. 

Yoloy is Youngstown’'s low-alloy nickel-copper steel. 





It is tough, shock-resistant, corrosion-resistant and wear- 
resistant---properties which permit its use in thinner, 
lighter weight sheets and members than is customary 
with ordinary steels. These important advantages of 
Yoloy are leading to its ever widening use where it is 
important to reduce weight, corrosion, wear and cost 
without sacrificing strength or utility 

Yoloy is now available in sheets, plates, strip, bars, 
shapes, cold drawn bars and tubular products, includ- 
ing both seamless and continuous weld pipe ina num- 
ber of wanted sizes. Call the nearest Youngstown Dis- 
trict Sales Office or write us direct for full information 
on “Youngstown” Yoloy high tensile steel 


ESIOM 


=> YOLOY STEEL 
THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel Export Office-500 Fifth Avenue, New York 
PIPE AND TUBULAR PRODUCTS - WIRE ELECTROLYTIC TIN PLATE COKE TIN PLATE HOT AND COLD 
FINISHED CARBON AND ALLOY BARS - RODS SHEETS PLATES CONDUIT RAILROAD TRACK SPIKES. 


General Offices Youngstown 1, Ohio 


Vetal Progress; Page 208 







































































N uU-SAL AND THERMO-QUENCH ... two Park labora- 
tory controlled heat-treating salts that make an 


unbeatable team on interrupted quenching operations! 


Nu-Sal, you know, possesses unusually high thermal- 
conductivity. It provides rapid, uniform heating that 
assures consistently good results and its working range 
covers the hardening temperatures of most commonly 
used steels. In addition, you'll find that Park Nu-Sal 
forms an exceptionally fluid austenitizing bath of great 
fluidity and miscibility. 


Process 


cally passing small amounts of harmless gas through the molten salt 


No rectifiers are required sludging is eliminated 


today for our Technical Bulletin No. H-25. Ic tells the whole story. 








NEUTRA-GAS PROCESS* === 
FOR MAINTAINING NEUTRALITY OF 
CHLORIDE-BASE SALT BATHS! 


@ Latest development of Park's research laboratories is the new Neutra-Gas 
a simple, efficient, economical method of maintaining absolute neu- 
trality in chloride-base salt baths. Suitable for use berween 1350° and 1950° F., 
the new Process completely eliminates objectionable oxides simply by periodi 


. and no fresh salt 
additions are needed except to replace drag-out. Further, the Process maintains 
Original fluidity of the bath and work leaves as clean as when it entered. Write 

















Thermo-Quench is a more recent Park development 
made especially for interrupted quenching, transfor- 
mation and tempering operations. It has a low melting 
point .... 290°F. ... and it forms an extremely fluid 
bath that provides desirable cooling rates through the 
critical zone. 

For specific application recommendations on these and 
other Park laboratory controlled heat-treating products, 
consult your nearest Park Service Representative or 
send us full particulars direct. 


CHEMICAL COMPANY 


8074 Military Ave., Detroit 4, Mich. 


Par 


* U.S. PATENT 
# 2474680 
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make it 


TRONGER 





make it 


LIGHTER 








INLAND STEEL COMPANY 


38 S. Dearborn St. - Chicago 3, Ill. 


SALES OFFICES: Chicago, Davenport, Detroit, 
Indianapolis, Kansas City, Milwaukee, New 
York, St. Louis, St. Paul. 


PRINCIPAL PRODUCTS: Sheets + Strip + Tin Mill 
Products + Bar Mill Products « Plates + Structural 
Shapes « Floor Plate « Piling « Reinforcing Bars 
Rails and Track Accessories » Pig Iron + Coal 
Chemicals. 
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HI-STEEL GOES FARTHER. With proper design, three 
tons will ordinarily produce the same number of units 
formerly requiring four tons of ordinary carbon steel. 


HI-STEEL REDUCES DEADWEIGHT. Its high strength-to- 
weight ratio permits reduction of sectional thicknesses 
without corresponding decrease in strength. 


HI-STEEL IS TOUGH. Nearly twice the yield point of 
structural grade carbon steel. Higher notch toughness, 
fatigue strength, abrasion resistance. 


HI-STEEL IS DURABLE. Its tight scale resists atmospheric 
corrosion four to five times as long as ordinary struc- 
tural grade carbon steel—and has been known to 
perform 12 times as long under abrasive conditions 
depending on the abrasive medium. 


HI-STEEL IS EASY TO WORK. It can be fabricated hot 
or cold, punched or drawn, welded or riveted—with 
little or no change in standard shop practice. 











to increase production per unit and per man" 


“It must happen in a lot of shops. When a variety 


of metal working and metal cutting operations are 


was easy to follow. It cost no more and the pro 


duction results were immediate. This man knew 


involved his business. Our new production figures are defi 


it’s easy for the lubrication guides and 
the metal cutting requirements to get out of date nitely something to brag about 
In our case, the outmoded requirements resulted Why not let a Cities Service Lubrication Eng 
in serious curtailment of per unit and per man neer look over your operation. His service is free 
production and the products he recommends are—absolutels 
“We experimented quite a lot on our own but the best available on the market today. Get in 
finally called in a Cities Service Lubrication Engi touch with the Cities Service representative near 
neer. In an amazingly short time he diagnosed our est vou for lubrication advice and recommenda- 


trouble. Then he set up an air tight schedule. It tions—or mail coupon below 


CITIES eee CITIES SERVICE Ot, COMPANY 


Fact-filled Sixty Wall Tower, Room 965 
New Booklet New York 5, New York 
For the Metal 
Machining Industry 


es We 
SERVICE cosy rosuon fies 


{ City 
PrRooucrTs 


Please send me without obligation your new 
booklet entitled “Metal Cutting Fluids.” 
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VANADIUM...the metal that accentuates 


the effects 


Vanadium is usually added to steel 
or iron along with other alloying metals, 
suc h aS Manganese, tungsten, nic ke l, or 
chromium. It enhances the effect of 
these other alloys and helps to improve 
the physical properties of the metal. Gen 
erally it is used in quantities of less than 

50 per cent, but even in these small 
imounts it is responsible for many 
marked improvements in the quality of 
iron and steel. 

One of the most notable functions of 
vanadium is its effect in improving the 
dynamic properties of steel, such as 
It also 
gives an inherently fine grain size to 


fatigue and impact resistance. 


wth steel and iron 

In high-speed tools, vanadium con 
tributes wear resistance and red hard 
ness. It is also an important alloy in 
many types ¢ t permanent magnet steels. 
These and many other types of special 
purpose steels contain more than 0.5 
per cent vanadium to enhance certain 


prope rties. 
Dynamic Strength for Steels 


The principal effect of vanadium in 


enginecring | s that of refining 


which vanadium is 


an all outst inding dynami 
strength Ie is why they are fre 
quently sed t such neavy-dut 


ervice as § s and axles in diesel 


} 
womotive 
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of other alloying elements 


grain size. It is usually added in amounts 
of 0.10 to 0.25 per cent 

In the lower carbon ranges, Van adium 
steels are especially suited for carburiz 
ing and are used for such applications 
as hand tools, be arings, and pistons 
Vanadium-he aring stee Is can also be 
nitrided effectively. 

Vanadium contributes fatigue and 
impact resistance and also strength and 
ductility to spring stecls. The famous 
chromium-vanadium (SAE 6100 series 
and manganese-vanadium spring steels 
are outstanding examples of this use. 
Besides being used as springs, thes 
steels are frequently used for axles, 
shafts, and other highly stressed moving 
engine parts. 


Red Hardness in Tools 


Practically all fine tool steels contain 
vanadium. In high-speed steels, vana 
dium content usually ranges from about 
per cent although high 
percentages are sometimes used. Other 


-50 to 2.5 


alloy tool steels usually contain from 
0.20 to I. 
Vanadium is a strong 


per cent V inadium 

( irb ce former 
and forms very hard and stable carbides 
These vanadium-carbides are probably 
the main reason for the excellent wear 
resistance and edge-holding propertic 
of vanadium tool steels. The persistence 
of the vanadium-carbides is largely re 
sponsible for the cutting qualities at 
red hardness of high speed tor ] steels 


Adds Strength to Cast Iron 


In amounts of 0.10 to 0.15 per cent 
vanadium increases the strength of cast 
iron from 10 to 25 per cent, and adds a 
considerable amount of toughness. Cast 
iron containing vanadium is especially 
valuable in. such applications as steam 
locomotive cylinders, valve and_ piston 
bushings, piston rings, and similar parts 
In steam engines and diesel motors 


vanadium cast iron cylinders greatly out 


Nea all firte 


vanadium. It promotes fine grain 


e, high wear resistance, and greater 


control of hardenability Vanadium 
also contributes to the red hardness of 


high speed tool steels. 


last those of ordinary cast iron. Chro 
mium-vanadium cast iron rolls, contain 
ing up to 2 per cent chromium have 
been used successfully in steel mills for 
1 great Many years 

Cast iron in which vanadium is the 


sole alloying element is used primaril 
in applic ions whe re te mp ratures are 
moderately high and in heavy section 
hardness without 


requiring uniform 


brittleness 


ELeCTROMET Vanadium Alloys 


ELecTROMET produces three grades 
of ferrovanadium in various sizes for 
the production of vanadium-bearing 
steels and irons. Each grade has a 
definite 


range of carbon and _ silicon 


mtents and is especially adapted to 
issure the best results in the different 
requirements of iron and steelmaking 
W rite tor i ¢ py t the b klet 
“Ev_ectromert Ferro-Alloys and Metals.” 
—— It contains many ust 

ful facts about the use 
of ferrovanadium. 
————<, The booklet also de 

Cl | 

re scripes Overt 5 


jdong Vly 
: other 
) all ind alloying 
netais pr duced by 
PROMET 


The term “Ele 


vark of Union ( 


P. 26240 





Now, more than ever before, America must 
make full use of its steel-making capacity and 
conserve its natural resources. Now, more 
than ever, there is national significance in the 
phrases, “Make a ton of sheet steel go farther” 
and “Make your product last longer.” 

These low-alloy, high-tensile steels do “make a 
ton of sheet steel go farther”—for their inher- 
ently higher strength is 50% greater than mild 
carbon steel. That means, in turn, that 25% 
less section can be used with safety, and where 


rigidity is important, this can usually be 


NATIONAL STEEL ) CORPORATION 


compensated for through slight design change. 


“Make your product last longer” is no idle 
claim. The much greater resistance of 
N-A-X HIGH-TENSILE to corrosion, abrasion, 
and fatigue assures longer lasting products 
even at reduced thickness. 

Explore the potential economies to be derived 
from the use of low-alloy, high-strength steels— 
and then specify them. Their use can add mate- 


rially to our national conservation program. 


GREAT LAKES STEEL CORPORATION 
N-A-X Alley Division, Ecorse, Detroit 29, Michigan 


reoouces 
or 


win Temene 
sree 
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Gray Iron casting produced for a large 
manufacturer of household refrigerators. 
Casting houses piston and all other 
operating mechanism for the unit. 


Consider all the “angles” 


and you'll choose GRAY JROW 


GRAY IRON Castability Note the complex design and numerous “angles” in the Gray 

Characteristics Rigidity lron casting shown above. Then figure the cost of producing 

Include: this part by fabricating or joining methods. No wonder Gray 

lron’s castability made it the logical and economical choice 
for this application. 


Low Notch Sensitivity 
Wear Resistance 

Heat Resistance There are other advantages, too. Gray lron provides a 
Correiton Reddenns dense, rigid structure, with excellent damping qualities. 


On operating surfaces, Gray Iron takes an excellent 


Swebiity mirror-like finish. 


Vibration Absorption Consider all the “angles” — including the advanta- 
Machinability geous characteristics listed here —and you, too, will wisely 


Wide Strength Range choose Gray Tron. 


Make It Better With Gray Iron 
Second largest industry in the Metal-working field 


GRAY IRON FOUNDERS’ SOCIETY, INC. 


NATIONAL CITY-1 G., CLEVELAND /4. OHIO 
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Inclusion-free high-carbon ferro chromium 


assured by new process 


Most ball and roller bearings must take terrific punishment 
in service, and their dependability is based directly upon the 
quality of steel from which they are made. 

To meet the requirements of the bearing manufacturer and 
his customers, the steelmaker can rely upon our newly im- 
proved ferro chromium to help him produce consistently 
high grade bearing steels. 

The high-carbon ferro chromium we have recently de- 
veloped is exceptionally free from non-metallic inclusions, 
entrapped slag and dissolved gases. It is made by a new 
process* which includes filtering out harmful inclusions by 
pouring the metal, as tapped from the furnace, through a 
layer of molten slag of special composition. In addition to 
removing the undesirable inclusions, this process also assures 
greater density of the metal and the absence of shrinkage 
cavities in individual lumps. 

High-carbon ferro chromium contains 66 to 70 per cent chro- 
mium, 4 to 6 per cent carbon, and 3 per cent maximum silicon. 

Our technical staff will be glad to demonstrate to you the 
benefits to be gained in your steelmaking by the use of this 
improved high-carbon ferro chromium. *Patented 


VANADIUM CoRPORATION OF AMERICA 


420 LEXINGTON AVE., NEW YORK 17,N. Y. 
CHICAGO + DETROIT * CLEVELAND « PITTSBURGH 
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NEW 
REFRACTORY 
DOES THE 
“IMPOSSIBLE” 


Unusual properties 
of NORTON FUSED 
STABILIZED ZIRCONIA 
Start new 
processing era 


AGAIN... Norton Research opens the doors to new tech- 
nical advances in the processing field. First to produce Fused 
Stabilized Zirconia in commercially significant quantities, 
Norton now makes it possible for you to lift your process- 
temperature ceiling up to 4500°F. 


Extraordinary properties 


No other refractory offers such an unusual combination of 
properties. Resistance to high temperature comes first, of course. 
But look at its low thermal conductivity . . . surprising because 
of its relatively heavy weight (twice fire clay’s). What's more, 
Norton Stabilized Zirconia insulating grain has a thermal con- 
ductivity of only 3 Btu. Consider, too, its great strength at 
elevated temperatures . . . its ability to resist oxidizing and re- 
ducing atmospheres at high temperatures . . . its chemical in- 
ertness in contact with titanates. Even more amazing is the 
electrical resistivity of Norton Fused Stabilized Zirconia. . . 
ranging from 2300 ohm-cm. at 1300°F down to 0.37 ohm-cm. 
at 4000°F. Resistance furnace operators take notice. 


waite For DATA. In Technical Bulletin SZ1, Norton re- 
searchers and refractory engineers give you all the up-to- 
the-minute facts about Fused Stabilized Zirconia. Get your 
copy ... use the coupon below today. 


NORTON COMPANY 

322 New Bond St., Worcester 6, Mass. 

Gentlemen: 

Please send me without obligation, Technical Bulletin SZ1 on Norton 
Fused Stobilized Zirconia. |'m interested in investigating its use for: 


(_] Lining Furnaces or Reactors Batts for Firing Titanates 
[] Metal Melting Electric Heater Elements 
|] Thermal Insulation (Other applications) 


Name 
Title... 
Compeny 
Address 
City 
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WITHSTANDS 
TEMPERATURES 
UP T0 
4500°F 


HIGHLY REFRACTORY, Norton Stabilized Zirconia hos successfully 
speeded up gas synthesis production by permitting operating temper- 
atures as high as 4500°F. Resists al! oxidizing atmospheres and most 
reducing atmospheres. 


INSULATES 
EFFECTIVELY 

AT HIGH 
TEMPERATURES “= 


the way 


LOW THERMAL CONDUCTIVITY of Norton Stabilized Zirconia bric< 
of 6 Btu compares well with 3000°F insulating brick's 6+, fire clay's 17, 
alumina’s 20 and silicon carbide’s 50+ (approximate valves ct 
2700°F ). 


WITHSTANDS 
SEVERE 
THERMAL 
SHOCK 


GOOD THERMAL SHOCK RESISTANCE of Norton Stabilized 
Zirconia to extreme temperature gradients and rapid thermal changes 
offers interesting new possibilities in all processing industries where high 
temperature is a factor. 











NORTON} 


TRACE MARK REG. U.S. PAT. OFF, 


Making better products to make other products better 


Special REFRACTORIES 


Canadian Representative 
A. P. GREEN FIRE BRICK CO., itd TORONTO, ONTARIO 
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At right, one of the many building projects 
in the current Ryerson expansion program. 


Procurement problems today but... 


We're Building for the Future 


Faster and better steel service is in the making prepared for the day when we’ll again be able to 
at Ryerson. This big new addition to one of the _ furnish all the steel you need, when you need it. 
thirteen Ryerson plants is part of an extensive | Meanwhile, call us—we'll help you to the limit 
program of expansion and modernization that’s _—_ of our ability. 

under way in Ryerson plants from coast to coast. 


As you know, the requirements of national de- PRINCIPAL PRODUCTS 
fense, plus peak civilian demand now make it CARBON STEEL BARS—Hot rolled _ ALLOYS—Hot rolled, cold finished 


4 : . ” -—- and cold finished heat treated 
impossible for us to take care of many require- SmI <Ehenics, entien, “tenia dateten 
ments—much as we would like to. And there’s beams, etc sheets, tubes, etc 

. sages: : PLATES—Many types including In-  REINFORCING—Bors and acces 
little that we can do to change this situation at land 4-Way Sofety Plote sories, spirals, wire mesh 


SHEETS —Hot and cold rolled, many BABBITT—Glyco bearing meto 
the moment. 


types and cootings 


plate 


also Ryertex plastic bearings 


. “1: TUBING —Seomless and welded, MACHINERY & TOOLS — For meto 
But we are spending millions of dollars on | se 


mechanical and boiler tubes fabr 





new plants and equipment in order to be better 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, iNC. PLANTS AT: NEW YORK . BOSTON . PHILADELPHIA 


e CINCINNATI ° CLEVELAND 
DETROIT © PITTSBURGH © BUFFALO © CHICAGO © MILWAUKEE © ST. LOUIS ® 


LOS ANGELES © SAN FRANCISCO 
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Interchangeability 


of Cb and Ta in 


Type 347 Stainless 


‘ 
Cou MBIUM has been used to prevent the 
development of intergranular corrosion in the 
18% chromium, 8% nickel steels for a number 
of years. Its further application to high-tem- 
perature alloys has created a large demand for 
the metal, and it has become necessary to seek 
aid from other elements to avoid failure in 
austenitic Cr-Ni steels from intergranular attack. 
It has long been recognized that tantalum is one 
such effective agent, and an investigation has 
been made to ascertain the influence of tantalum 
alone, and tantalum and columbium together in 
preventing intergranular attack. Our studies 
were carried out on 18-8 steels containing 
between 0.035 and 0.07% using (a) 
tantalum metal, (5b) the well-known ferro- 
columbium alloy containing approximately 55° 


carbon 


columbium and 5 to 7% tantalum, and (c) a 
new ferro-alloy containing about 40% 


bium and 20% 


colum- 
tantalum. The object was to 
a) the equivalency of tantalum with 
respect to columbium in preventing intergranu- 
lar attack in 18-8 steels, (b) the probable ratio 


determine 


of columbium + tantalum to carbon required for 
practical immunity to intergranular attack, and 
(c) the effect of a partial substitution of tanta- 
lum for columbium on the strength and ductility 
of the normal columbium-bearing 18-8 steel at 
room and elevated temperatures. 


Experimental Conditions All the steels 


By W. O. Binder 


Research Metallurgist 
Electro Metallurgical Division 
Union Carbide and Carbon Corp. 
Niagara Falls, N. Y. 


employed in the test program 
were melted from virgin raw 
materials of high-grade commer- 
cial quality in a small, magnesia 
lined, high-frequency furnace. 
The melts were cast into 2-in. 
square ingots that were hot rolled 
to '-in. plate and 0.06-in. strip, 
and subsequently annealed 15 
min. at 1965°F. (1075°C.) and 
air cooled. Carbon varied from 
about 0.035 to 0.07% 
10.75 to 11.75%, and chromium 
from 18 to 19%. Melts were de- 
oxidized by adding 1.5°% manga- 


, nickel from 


nese and 0.5% silicon. 

One sensitizing heat treat- 
ment of relatively short duration 
and one of longer duration were 

utilized to determine resistance to intergranular 
corrosion, since steels subjected to high temper- 
atures during fabrication only do not require 
the same capacity to resist intergranular attack 
The treat- 
ment chosen to represent cycles of short dura 
1200° F. (650° C.); the one 
selected for long-time heating was 24 hr. at the 
same temperature. 


as do steels exposed for long periods. 


tion was 2 hr. at 


Three test media were utilized for measur 
ing intergranular susceptibility, namely, boiling 
65% nitric acid, a solution of 10% 
and 3% 


nitric acid 
hydrofluoric acid at 70° C., and a boil- 
ing acidified copper sulphate solution (50  g. 
CuSO, -5H,O plus 50 ce 


concentrated H,SO, 
plus 420 ec. water). 


Samples were immersed in 
nitric acid for five periods of 48 hr. each, and 
the ones in nitric-hydrofluoric acid were for five 
periods of Il hr. each. The steels were boiled in 
the copper sulphate solution for a total period 
of 700 hr. unless extensive intergranular attack 
occurred earlier. 

Tantalum Equivalency As a. carbide 
former, tantalum is theoretically 0.513 times as 
effective as columbium because of its higher 
While the validity of this 
ratio has been well established for the formation 


molecular weight. 
of pure tantalum carbide and columbium car- 
bide, it was considered desirable to make an 


experimental determination of this equivalency 
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drawn in Fig. 1 between 0.65% 
columbiunrvand 1.30% tantalum 
will suffice, because the degree 
of attack exhibited by the few 
steels falling in the intermedi- 








Coltumbium 











‘o 





ate region is very small. Expe- 
rience with the normal Type 
347 steel (columbium stabilized 
18-10) also shows that, for serv- 














‘yi ice conditions, a minimum ratio 


0.2 0.4 06 Of 0 .. ; , ‘ of columbium to carbon higher 


°, 





Tantalum, than 10 is unnecessary. 

Fig. 1 Effect of Ta and Cb on Intergranular Cor- The relative effectiveness 

rosion Resistance of 18-8 With 0.055 to 0.065% C of tantalum with respect to 
HEAT TREATMENT: 15 min. at 1965° F., air cool, 24 hr. at 1200° F., air cool. columbium in preventing inter- 
CORRODENT: Nitric-hydrofluoric solution at 70° C., five 1-hr. periods. granular attack has been calcu- 
OPEN CIRCLES: Equal corrosion rates in annealed and in sensitized samples. 
SEMISOLID CiRcLEs: Difference less than 0.5-in. penetration per month. 
Souip Circ.es: Difference greater than 0.5-in. penetration per month. 


lated from the slope of the line 
dividing the region of suscepti- 





in preventing intergranular f 
attack in 18-8 steel, since | | 
the presence of one or the 7 i | 
other metal might affect 

the ratio significantly. 











QColumbium 
OColumbium + Tantalum Cb >Ta 
VTantalum + Columbium To>Cb 


: OTantolum 
mentally determined by x Unstabilized 


superposing on a composi- 


The factor of equiva- 





lency has been experi- 


———_____—_—_+ 


tion chart wherein % Ta is 
plotted against “% Cb the 
results of corrosion tests 
made on 18-8 steels con- 
taining 0.055 to 0.065% 
carbon and various per- 








centages of columbium 
and tantalum. The corro- 





sion data were the results 


of weight-loss and bend ‘ : i . 
Fig. 2 — Effect of Ratio of (Cb, Ta) to Carbon on Intergranu- 


tests made on samples ex- 2 4 : . ; s 
lar Corrosion Resistance of 18-8 With 0.030 to 0.005 ¢ 


posed to nitric-hydrofluoric 
. . “fo ¢ ( T 3 ss > as ig xce 2-ate 2 } é 200" F. 
acid solution at 70° C. after SONDITIONS same as in Fig. 1 except heated only 2 hr. at l I 
, 9 enn & SoLip CIRCLES represent samples showing signs of intergranular attack. 
heating 24 hr. at 1200° F. UNSTABILIZED sample (no Cb) corroded 7.55 in. per month. 
(650° C.). It should be ANNEALED RATE limits parallel corrosion tests on samples annealed only. 
emphasized that these test 
conditions are extremely severe, and clearly bility from the region of no attack. Obviously, 
show the effects of columbium and tantalum on tantalum on a weight basis is half as effective 
the resistance of the 18-8 stainless steel to inter- as columbium. The value of the factor deter- 
granular attack. mined in this manner is in excellent agreement 
One of the seatter plots obtained is pre- with the stoichiometric calculation based on the 
sented in Fig. 1, wherein the criterion is the chemical formulas of tantalum carbide and 


equality of weight loss in “sensitized” samples columbium carbide. 

and annealed samples. It reveals that steels An X-ray diffraction study of carbide 
immune to more rapid attack when “sensitized” residues attempted to identify the type of car- 
lie to the right of a straight line connecting hides present in the steel. The residues were 
0.78% columbium and 1.56% tantalum. When obtained by dissolving the steels (after heating 
consideration is given to the severity of the test 24 hr. at 650°C.) in a solution of copper-potas- 


conditions, it is clear that the lower dividing line sium chloride containing hydrochloric acid. 
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X-rays showed that the carbides 
of columbium and tantalum form 
a continuous series of solid solu- 
tions in 18-8 steel. The 
extracted from steels containing 


residue 


Month 


less than about 1.5 columbium 


and or tantalum consisted of 


CbhTa)C, 





SLC 


002 Limit 





+ + ; 





pO tar F 
5° ! 











oles oceconpetleglegthe | 








in agreement with the 


inch Pen. Per 


corrosion tests described above: 
however, when the total exceeded 
1.5%, the M,C 


served in addition to 


carbide was ob- 
(CbhTa)C. 
The actual amount of colum- 


Fig. 3 
ing 65% 
bium and tantalum required for 
than the 
caleula- 


immunity is greater 


simple stoichiometric 
tions indicate are necessary to combine with all 
Both 
columbium and tantalum form nitrides almost 
as readily as carbides. 


the carbon. There are several reasons. 
Since nitrogen was pres- 
ent in some instances up to about 0.05% 

columbium and tantalum are 
required to combine with nitrogen as with car- 


addition to this, 


about as much 


columbium and 
tantalum are soluble in austenite 


bon. In some 
and are not 
available for combining with carbon and nitro- 
However, Fig. 1 indicates that the solubil- 
ity of tantalum in steels with high columbium 
is probably not a very significant factor, 
the addition of 


gen. 


since 
tantalum to 
reduces the 


small amounts of 


high-columbium steels corrosion 
rate after sensitizing. 
A similar chart 


in Fig. 1 


(not reproduced) plotted as 


shows the results of corrosion tests 
made on samples heated the shorter time —— 2 hr. 
at 650°C. The corrosion damage caused by this 
heat much than that 


produced by heating the steels 24 hr. at 650° C., 


treatment is less severe 


reflected in the 
columbium and = tanta- 


and this is 


lower 


Effect of Ratio of (Cb, Ta) 
Nitric 
and legend same as in Fig. 2, 
unstabilized specimens corroded 0.0115 and 0.0175 in, per 


4 6 8 10 12 14 16 is 
% Cb + 0.5(% To) 
% GC 
to Carbon on Resistance to Boil- 
icid, Five Periods of 18 Hr. Each. 


?, except for corroding medium. 


Conditions 
Tuo 


month 


with the factor based on 


24 hr. at 650°C 


ugreement 
heated 


samples 


Practical Immunity 


\ large number of steels ranging from 0.035 
to 0.065 carbon were tested during the course 
of this investigation. For the sake of 
the results obtained will be discussed according 


clarity, 


to their equivalent columbium-to-carbon ratio, 
using 0.5 as the factor for tantalum. Expressed 
algebraically this is 
% Ch + 0.5 6% Ta 
eC 

In this phase of the work, consideration 
was given to the effect of short and long periods 
of heating in the sensitizing temperature range. 
Figure 3 summarizes the results of intergranular 
acid solu- 
at 1200° F 
this treatment 
effect on 


corrosion tests in nitrie-hydrofluoric 
tion at 70°C. 
(650° C.). 


was selected 


on samples heated 2 hr. 
As previously stated, 


to represent the inter 





lum contents required for im- 
munity to attack. 
where the 


The region 
attack 


absent lies 


amount of 
is insignificant or 
above a straight line of slope 

0.55 
lumbium and 0.90% 


connecting 0.50°  co- 


TEST RATING 


tantalum. 
The equivalency factor derived 


BENC 


from these tests is in good 


Bend Test Ratings 





A Coiumbium 

© Columbium + Tantolum 
9 Tontalum + Columbium 
© Tontolum 

x Unstabilized 


Cbo>To 
To>Cb 


——r 





© .O3%6C 
p “Oe 8c bBo narso on SS eee 





Zero No cracks 
l Slight edge cracks 

2 Deep edge cracks 

3 Slight surface cracks 

4 Deep surface cracks 

5 Specimen broke 


Fig. 4 
1200° F. 


Bend Test Rating of Test 


and Boiling 


6 8 2 14 16 i8 20 
% Cb+0.5(%1 
a 
illoys After Sensitizing 2 Hr. at 
700 Hr. in Acidified Copper Sulphate Solution 


February, 1951: Page 2 


20 











high temperatures during use. 
Companion samples to those 
recorded in Fig. 2 were tested in 
boiling 65% nitric acid. The aver- 
age corrosion rate obtained after 
five periods of 48 hr. each is 
plotted in Fig. 3 against the (Cb, 
Ta) C ratio of the steel. Since the 
corrosion rate increases somewhat 
after the metal has been heated at 
— . 1200° F. (650° C.), it becomes nec- 
SColumbium 
OColumbium +Tontalum Cb >Ta 


VTontaium + Columbium Toa >Cb a 
atontoium tion per month was chosen. Fig- 


XUnstabilized ure 3 shows that the difference in 
corrosion rate in HNO, of metal in 
the annealed condition and in the 
sensitized condition decreases with 





essary to set some maximum value 
as a guide, and 0.002 in. penetra- 








increasing (Cb,Ta) C ratio 
toward the right of the chart. 
Tantalum is as effective as colum- 








bium in preventing intergranular 








corrosion (if due consideration is 
given to the fact that tantalum is 
only one half as effective as colum- 





bium) note, for example, the 
low positions of the alloys stabi- 
lized with tantalum only (squares) 

















or with tantalum-rich ferro (down- 
ward pointing triangles). As in 
the nitric-hydrofluoric acid tests 








+— coe ieee ae ng 
shown in Fig. 2, it appears that, 





.036C if period of exposure to tempera- 
a ie ] I I 
> v¢ - ¢ _— 
Nie la 








tures in the sensitizing range is 





16 18 short, a minimum ratio of six or 
seven times the carbon is needed 

Figure 4 shows the bend test 
rating of the 18-8 steels under test 
after they had been heated 2 hr 
HEAT TREATMENT: Same as in Fig. 1. at 1200°F. (650° C.) 
Souip characters locate samples showing signs of intergranular attack 


hig. 5 Effect of Ratio of (Cb, Ta) to Carbon on Intergranu- 
lar Corrosion Resistance After 24 Hr. at 1200° F. (650° C) 


and then 
boiled 700 hr. in acidified copper 
sulphate solution. All the samples 
granular corrosion resistance of short periods containing (Cb, Ta) C > 7.0 rated zero except 
at elevated temperatures. It is clear from these one which had 8 times the carbon in equivalent 
data that stecls having less than about seven tantalum (no columbium). Again it may be 
times as much “equivalent columbium” as ear- concluded that a minimum ratio of stabilizing 
bon exhibit susceptibility unless the carbon con- metal of about 7 times the carbon would be 
tent of the steel is kept very low. An equally satisfactory when exposure of the steel to high 
important conclusion is that steels containing temperatures is limited to short periods of time 
tantalum are as effectively resistant to inter- 

granular attack as steels containing columbium Simulating High-Temperature Service 
alone (when the equivalency between colum- 

bium and tantalum is taken into consideration). The foregoing evaluates the intergranular 
Since exposure to nitric-hydrofluoric acid con- corrosion resistance of the steels after short 
stitutes a very severe test, it therefore appears periods of heating, and should not be confused 
that steels having a minimum ratio of about with the exposure of these steels under more 
seven times carbon would be satisfactory for severe conditions which will require greater 
applications where the steel is not exposed to resistance to intergranular corrosion. A 


999 
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‘ . > « AColumbium 

sere. dared eee sata - OCoiumbium + Tontolum Cb>To 
= . : +p : . vTantolum + Golumbium To>Ob 
such a criterion. Samples so O Tantaium 

treated were then subjected to the x Unstabilized 

three corrosive solutions already 








° 
oO 


Month 


mentioned and the intergranular 
attack measured by weight loss 
(penetration) or by a bend test 
rating. These data are summa- 
rized in Fig. 5, 6 and 7. 


Per 


Pen. 





The large number of test re- 
sults that show high corrodibility 
in the left portions of Fig. 5 and 6, 
and the poor bend test rating of 
many samples in Fig. 7, clearly in- 
dicate that when the steels are 
held for relatively long periods in 





Inch 
° 
Oo 





the sensitizing temperature range, 
the ratio of (Cb, Ta) C for practi- 
cal immunity must be increased 
over the figure of 7.0 that is ade- 





quate for immunity to less severe 
circumstances. The damage due re) 2 

to intergranular corrosion by the 

nitric-hydrofluoric acid criterion, 

Fig. 5, decreases sharply when a Fig. 6 — Samples of Same Steels as Fig. 5, Exposed to 
ratio of 10 is reached. Even with Five Periods of 48 Hr. Each in Boiling 65% HNO,,. 
increased ratios——up to 14—a Unstabilized sample lost at the rate of 0.033 in. per month 
few steels are attacked by nitric 

acid and acidified copper sulphate (Fig. 6 and it is in this method of plotting the results. 

7). Such results would be expected in view of Examination of Fig. 6 shows that steels 
the extreme severity of the test conditions, and containing tantalum generally tend to be more 
as in previous work) the evidence is strong resistant to nitric acid after heating at 1200° F 
that a minimum ratio of 10 times as much 650° C.) than steels with columbium alone, par- 
equivalent columbium as carbon is needed for ticularly when the ratio falls below 10. This 
practical immunity under long-time heat and excellent resistance to nitric acid suggests thal 
corrosion conditions. Again, it is significant the solubility of TaC in 18-8 austenite may in 
that tantalum is an effective carbide stabilizer, part be responsible. As indicated in Table I, the 
if its higher molecular weight is considered, as corrosion of two sensitized heats (almost iden- 
tical chemically except that 
one is stabilized with colum- 
bium and the other with 
equivalent tantalum) in ni- 
tric acid or in HNO,-HF is 
related to the annealing 





temperature. Corrosion of 
the columbium - stabilized 


TEST RATING 


— = metal increases more rap- 

& ColumBium idly than the tantalum- 
Solumbium + Tontcium Cb >To tala aol 

7 Tentelum~+Columbium Te>Cb : | | stabilized metal as the 

oO Tantalum 


* Unstobilized 


aah 
NL 


BE 


annealing temperature in- 
creases from 1965 to 2100 to 
2280° F. This suggests that 





- v—0—b-o # - Be « 
2 4 10 12 4 
b+0.5(% To) 


TaC is less soluble, or goes 
into solution more slowly 
Fig. 7 — Companion Tests to Those of Fig. 4, Except That than CbC with 


higher an- 
Samples Were Heated 24 Hr. (Instead of 2 Hr.) at 1200° F. 


nealing temperatures. 
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Fig. 8 Welded Samples of Seven Heats of 18-8 


With 0.06% Carbon and Various Amounts of 


Columbium and Tantalum, Exposed Five 1-Hr. 


NW elding Tests 


The tests summarized in the foregoing fig- 
ures show that the minimum ratio of stabilizing 
element to carbon in the steel required for 
immunity to intergranular attack is dependent 
upon the time of heating in the sensitizing tem- 
data 


thermal heat treatments and may not, of course, 


perature range. These represent iso- 
simulate the conditions encountered in service, 
or even during fabrication. In welding, for 
example, the time of exposure to elevated tem- 
peratures can be much less than that employed 
in the shortest of our isothermal tests, and it 
would be anticipated that a somewhat lower 
ratio (Cb, Ta) C 
steel is fabricated by welding and is not sub- 


could be employed when the 
jected thereafter to excessively high tempera- 
tures in service. 

To ascertain the influence of welding heat 
on the intergranular corrosion resistance of 
steels stabilized with columbium and or tanta- 
lum, several of the steels made for the foregoing 


tests were welded and their resistance to inter- 
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Periods to H NO;-HF Solution at 70° C. Left-hand 
sample as-welded; right-hand sample of each pair 
had been heated 2 hr. at 1600° F. (stress relieved) 


granular corrosion was determined in the 
as-welded condition and after stress relieving 
at 1600° F. (870° C.). Two series of steels were 
tested, one containing columbium and one con 
taining both columbium and tantalum. In each 
series, carbon was held at two different levels, 
namely, between 0.045 and 0.055% 
0.06 and 0.07%. The (Ch, Ta) € 
from about 4 to 10. 


The experimental welds were made by butt- 


and between 


ratios varied 


ing together two '»s-in. plates, each about 2 in 


wide and 12 in. long, and joining them by mul- 


tiple-pass hand-are welding. Narrow plates 
were welded, as it was believed that this would 
intensify the conditions for intergranular attack 
The steels containing columbium and tantalum 
were welded with commercial lime-coated Type 
347 steel electrodes. Unstabilized steels, which 
were included for comparative purposes, were 
welded with Type 308 steel electrodes. 
Left-hand samples of each pair in Fig. 8 
show the appearance of several of the 0.06 
after 


solution in the as-welded condition 


carbon steel welds 


HNO©.-HF 


exposure to the 





Table 1 — Effect of Annealing Temperature on Corrosion Rate 
of 18-8 When Cb Is Replaced by Ta 





HEAT HEAT 
Senas- Herat P-430, (Cr) Heat P-389, (Ta) P-430 P-389 
MNZEPD HNO,* HNO,-HF*+ HNO,* ) HNO,-HF Chromium —=:18.60% — 18.00 
Nickel 10.75 11.7 

15 min. @ 1075° C. No 0.00046 0.19 0.00039 0.06 Manganese 1.50 1.50 
15 min. @ 1075° C. Yest 0.00169 0.19 0.00057 0.06 Silicon 0.35 0.3 
15 min. @ 1150° C Vest | 0.0037 0.15 0.00060 0.06 Carbor 0.057 0.05 
15 min. @ 1250°C. — Yest | 0.0107 1.95 0.00172 0.45 Nitrogen 0.046 0.048 
Columbium 0.74 

*Rate in fifth 48-hr. period in boiling 65% HNO,. Tantalum 0.10 

‘Rate in 10% HNO, + 30% HF at 70°C. 

t24 hr. at 650° C. (1200° F.) and air cooled. 











Similar tests on the 0.05° carbon steels 
showed that the minimum ratio was between 
Steels having a ratio in excess of about 5.0 are 5 and 6 for stress-relieved samples 

immune to attack, showing that the ratio As-welded pieces were also boiled in acidi- 
required after exposure to welding heat is sig- fied copper sulphate solution for 700 hr., and the 
nificantly less than that required to meet a 2-hr extent of damage was determined by a bend test 
heat treatment at 650°C. (Fig. 2). In every in the heat affected area adjacent to the weld. 
case, the corrosion resistance after welding of The presence of tantalum in the 18-8 steel did 
the steels containing columbium and tantalum not detrimentally affect cold ductility as meas- 
is the equivalent of Type 347 stainless with ured in this way, since all steels containing 
columbium only. tantalum elongated 40° on the bend without 
Another series of tests measured the dam- cracking. The heat affected zone of the plain 
age which occurred in the 0.045 to 0.055% 18-8 steel containing 0.06% carbon was only 
carbon series. Here again, the columbium-plus- slightly attacked by this test medium, and the 
tantalum steels behave as satisfactorily as the amount of damage was insignificant in compari- 
steels with columbium alone. These lower car- son with nitrie-hydrofluoric acid. Thus, it is 
bon steels have the advantage of immunity at a not surprising that the stabilized steels showed 
ratio of about 4.0 in as-welded condition. no signs of attack in boiling copper sulphate 
In continuing these tests, samples from the solution. In similar tests the 0.05° carbon, 
experimental welds were heated 2 hr. at 1600° F. as-welded, showed excellent resistance to inter- 

870° C.) and air-cooled to determine the influ- granular attack with a ratio as low as 3.6. 
ence of stress-relieving 
ictowing welding on the Table Il — Corrosion of Welded 18-8 in 65% HNO 


resistance of the steels to 





intergranular attack. The — — ELDED 
right-hand samples of STABILIZED 
sach pair in Fig. 8 sl Rario* 

each pair in Fig. 8 show ra = 


Perniop AVERAGI PEniop AVERAGE 


the damage occurring in 

the same 0.06% carbon 

: , p-243- 0.052 0058 AMO5SSE 0.00356 O.00188* * 
steels after testing in P : 4 a - ; - 
NO.-HF luti ae P-244 : 0.053 3. 0081 00071 0.00113 0.00087 
H} . solution. This P-248 ' 0.045 5.2 00075 00069 = 0.00092 0.00078 
heat treatment caused P-245- f 0.048 3. 00083 0076 0.00102 0.00085 
the unstabilized steel to p-249 27 0.047 A 00079 0072 | 0.00073 0.00069 
granulate excessively and P-247 ’ 0.048 ‘A 0081 A073 0.00078 O.00081 
-25 , 5: : 07: 7: if 
sense uifack te estas te P-250 + 0.053 9, 00083 00073 0.00073 0.00069 
. . “ 227 H ; 71 959 

steels having ratios of 4.5 P-337 0.06 00066 000673 0.00490 0.00257 * * 
p-329 0.2% 0.065 J 0075 0072 0.00216 O.00141 
P-333 0.25 O11 0.064 y 00072 00070 |) 0.00156 0.00111 
in excess of about 6.0 P-330 | 0.43 0.063) 6.4 00071 00067 | 0.00124 0.00095 
were unaffected. Again, P-334 0.43 0.16 0.062 s. 00075 00068 | 0.00076 0.00074 
the corrosion § resistance P-332 0.69 0.065 . 00076 00073 0.00072 0.00071 
of the steels containing P-335 0.58 0.21 0.065 os A063 0063 0.00066 0.00074 


to 5, but steels with ratios 











columbium plus tanta- *(% Ch + 0.5% Ta) + %C 


tHeated 2 hr. at 1600° F. (870° C.) and air cooled. 
those containing colum- tVery slight granulation of plate metal in heat affected 
bium alone. *Plate metal granulating 


lum were comparable to 
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In the stress-relieved con- 
dition (heated 2 hr. at 1600° F.) 
the unstabilized steels crack ex- 
cessively when bent after boil- 
ing in acidified copper sulphate 
solution, but no eracking was 
detectable in the stabilized 
steels. 

As shown in Table II, the 
corrosion resistance adjacent to 
the welds in boiling 65% HNO, 
is comparable to the unwelded 
base metal. While some granu- 
lation was noted in the heat af- 
fected zone of the unstabilized 
steels, no attack was observed 
in any of the stabilized steels. 
These results indicated that the 
(Cb, Ta) /C ratio must be at 
least 6 in the 0.06% carbon big. 9 Stress-Rupture Curves for 18-8 Cb (Type 347) Stain- 
steels to avoid an appreciable less Bars at 1100, 1200 and 1350° F., and for 0.06-In. Sheet 
increase in the nitric acid cor- at 1200° F. Figures alongside points indicate % elongation 


STRESS 1000 PS! 


RUPTURE TIME IN HOURS 


rosion rate after heating 2 hr. 

at 1600° F. (870° C.), and between 4 and 5 for and in the short-time tensile tests at 1200° F. 
the 0.05° carbon steels. It is obvious from (650° C.). Results are summarized in Table IL. 
these tests that, after welding, steels stabilized Prior to testing, the steels were heated 10 to 15 
with columbium and tantalum are comparable min. at 1965° F. (1075° C.) and air cooled. 

in corrosion resistance to steels containing Inspection of the results shows that the 


columbium alone. room temperature strength and ductility of aus- 

While it thus appears that tantalum may tenitic 18-8 steel containing 0.25 to 0.5% tan- 
be used in 18-8 steel in conjunction with colum- talum and 0.5 to 1% columbium are comparable 
bium to inhibit intergranular corrosion if con- to those for normal Type 347 steel (18-8 Cb), 


indicating that the partial 

Table I1l — Tensile Properties of 18-8 Steels Containing replacement of columbium 
Columbium and Tantalum with tantalum should have 

no significant effect on the 





. = Ar 1200° F. "ming haracterictic 
COMPOSITION Room TEMPERATURI “a forming characteristics. 
Heat (650° C.) a : ; : 
x rhe short-time tensile 
wO-7 : i ss 

Cp TA ‘ Yretp | Tensite | ELvonc. | Tensite |) Evona. properties at 1200° F. 
650° C.) of the tantalum- 


-{ 7 59 39,100 37,900 7% 8,900 30° : : 
M-944 | 0.71) 0. 0.059 | 39,1 87, 17 ‘ ‘ bearing steels are also in 


P-430 | 0.74 | 0. 0.057 38,400 | 91,000 14 53,300 20 ; i 
P-267 0.48 | 0.27 | 0.046 | 39,900 | 88,500 19 50,000 2: good agrecment with those 
M-893 0.50 | 0. 0.056 40,000 | 91,300 47 of normal Type 347. 

P-280 | 0.60 | 0, 0.057 | 37,100 | 90,300 51 51,200 2: Stress-to-rupture tests 
P-268 | 0.98 0.046 | 39,700 87,600 50 18,500 were made on five 18-8's 
P-281 | 1.00 0.057 | 38,500 | 89,400 46 18,700 2 containing columbium and 











: : : ; Table IV — Stress-Rupture Properties of Type 3 
sideration is given to its higher molecular 


weight, the substitution of tantalum for colum- 





STRESS CAUSING 
bium could have important implications on TEMPERATUR Type oF FRACTURE IN 
formability and elevated temperature properties. SPECIMEN 100 He 1000 Ha 
In order to determine this possibility, room tem- . < 
perature and elevated temperature tests were 1100° F., 593° C, Bar 52,000 psi. | 38,000 psi. 
conducted on steels containing both elements. 1200° F., 650° C, Bar 31,000 24,500 
1200° F., 650° C, Sheet 28,000 21,000 


ee ae mene te! 0.06-i 
Standard tensile specimens from 0.06-in. 1350° F.. 734°C. Rar 16.500 12.500 





thick sheet were used in room temperature tests 
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significantly affected hot 
strength. The hot ductility of 
the tantalum modified steels is 
also comparable to that of the 
normal steel. These results 
are in agreement with tests 
made on other high-tempera- 
ture alloys which showed that 
tantalum could be substituted 
wholly or partially for colum- 
bium without detrimental 
effect. 

Summary Studies of 18-8 
steels show that columbium 


© 048 cb, 027% + 060Cb,02 % 


100 PS 


STRESS 


may be replaced with an ap- 
propriate amount of tantalum 
RUPTURE TIME IN HOURS when its higher molecular 
weight is taken into considera- 
tion. On an equivalent weight 
basis, tantalum is only half 


Fig. 10 — Stress-Rupture Data for 18-8 Steel Bars 
and Sheet Containing About 0.25% Ta and 0.50% Cb 


as effective as columbium in 

tantalum, and on two normal 18-8 Cb steels. imparting practical immunity to intergranular 
For these, standard tensile specimens 0.25 in. attack. On this basis, a columbium-plus-tanta- 
in diameter were machined from wrought %-in. lum content of at least ten times the carbon 
bars and were tested at 1100, 1200 and 1350° F. content should suffice. 
(593, 650 and 734° C.) after annealing for times On an equal weight basis, tantalum is as 
up to 1 hr. at 1965° F. (1075° C.) and air cooling. effective as columbium in promoting high-tem- 
(The variations in annealing time did not perature strength, and therefore a_ partial 
appear to have any influence on the properties replacement of columbium with tantalum in the 
of the steels.) In addition, standard sheet 18-8 columbium Type 347 steel has no signifi- 
specimens 0.06-in. thick were tested at 1200° F. cant influence on hot strength and ductility 
(650° C.); these specimens were heat treated 10 Similarly, the room temperature strength and 
to 15 min. at 1965° F. and air cooled. Data for ductility are not materially changed by the pres- 
the normal 18-8Cb steels are plotted in Fig. 9; ence of like percentages of tantalum. So 
the numeral adjacent to 
each plotted point is the % 
elongation at fracture. The 
calculated rupture stresses 
for 100-hr. and 1000-hr. life 
are given in Table IV. 

The data for the steels 
modified with tantalum are 
summarized in Fig. 9 and 
10. The actual rupture 
curves in Fig. 14 and 15 
represent the data for the 
normal 18-8 columbium 
steel and were presented for 
direct comparison with the 
tantalum-modified steels. 
The data points for the 
tantalum-bearing steels fall 
uniformly around the rup- 
ture curves for the normal 
18-8 columbium steel, and a 
it may be concluded that Fig. 11 — Stress-Rupture Data for 18-8 Steel Bars 
none of the modifications and Sheet Containing About 040% Ta and 1.0% Cb 
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Sparking Magnes 


D. RING the casting of magnesium, the ingot 
surface is occasionally coated with a black sub- 
the 
property of flashing and burning when it is hit 
Not all of the 
black coating found on magnesium will flash, 
but in a few 


stance which sometimes has remarkable 


or scraped against another ingot. 


instances the action has been vio- 
‘ent enough to be dangerous. For example, a 
flash from the core of a hollow magnesium ingot 
once projected a flame a distance of five to ten 
feet. The work which is summarized here was 
undertaken to find the 
hazard. 


causes of this unusual 

Only one other kind of a sparking coating 
from commercial operations has come to my 
attention: Certain pieces after the conventional 
chrome-pickle have flashed when one piece was 
shoved after the 
The coating had a gray powdery 


over another soon treatment. 
appearance 
rather than the usual iridescent brass color left 
by a correct pickling. The active agent in this 
powder has been reported to be an intermetallic 
compound of magnesium and aluminum by W. 
S. Loose and H. K. DeLong in Metal Progress tor 
May 1944 (p. 899) and in U.S. Patent 2,428,749 
by H. K. DeLong. The phenomena are so similar 
in their manifestations that a definite relation- 
ship is indicated. 
Occurrence of Exudate 
to in this 


The ingots referred 


work were produced in a_semi- 
continuous casting process known as the direct 
chill (D.C.) process, wherein water is sprayed 
directly 


mold. 


on the freezing metal issuing from a 
An essential feature, also, is a protective 
atmosphere of sulphur dioxide over the molten 
metal, to minimize burning. 

The 


covered with a rough textured, light colored and 


surface of such an ingot is usually 


somewhat oxidized coating which is scalped 


from the ingot before it is fabricated (extruded, 
rolled or forged). Thick coatings of the black 


Vetal Progress; Page 228 





By Allen S. Russell 
Physical Chemistry Division 
fluminum Research Laboratories 
New Kensington, Pa. 


exudate are not found = on 
commercially pure magnesium, 
although small 
black 


The more highly 


ium noon ge 


“blossoms” of exudate 


may occur 
alloved ingots, and particularly 
those with a high aluminum 
content, are more apt to have 
a considerable amount of 


black 
usually 


exudate on their = sur- 


faces It is found in marked longi- 


the 
sides of the ingot, but it also occurs on the top 


tudinal streaks, up to ‘x. in. thick, along 


and bottom surfaces. Minor additions of beryl 


lium have been highly effective in preventing 
formation of exudate, both of the sparking and 
nonsparking varieties. 

In one instance, a great deal of black exudate 
occurred on AM57S whose nominal composition 
is 6.57 aluminum, 1.0 zine, and 0.2% manga- 
nese, balance magnesium. The metal was melted, 
refined by flux and cast as hollow ingots in a 
D.C. unit, during which time considerable burn- 
ing was noliced on some ingots. The inner and 
outer surfaces of the ingots were exposed to air, 
sulphur dioxide, mold 
The ingots were later heat treated in an 
atmosphere The 
exudate from this cast, which appeared both on 
the inner and outer surfaces of the ingots, will 
be referred to as Sample 1, 
Fig. 1. The exudate of Sample 2 occurred on 
AMC57S ingots nominal 


composition except for a lower iron content 


cooling water, and a 


grease. 
dioxide 


containing sulphur 


and is shown in 


which had the same 


cast and heat treated in a similar manner 
While a weak sparking has been reported 
for ingots before preheating, the exudates have 


been highly treatment. 


Sealping of the ingot before preheating, which 


active only after heat 
is a normal practice, is the recommended pro- 
cedure to avoid this type of trouble. 


Properties of E-xudate 


The exudate in the two cases discussed here 
gave off sparks when struck with an iron o1 
aluminum rod, when scraped over another piece 
of metal, or when cut by a saw. Some large 
extreme 


areas burned with violence, although 
the itself All of the 


exudate on a given ingot seemed equally active 


ingot was ignited 





Fig. 1 


A white deposit (ash) remained, which smelled 
of sulphur dioxide 

Although the most striking demonstration 
of reactivity is the flashing on an ingot surface, 
a more sensitive test comes from heating a small 
quantity of the separated exudate. An active 
sample will flash 
the parent alloy; 


near the melting point of 
under similar circumstances 
dry magnesium powder, aluminum powder, or 
magnesium-aluminum compound (Mg,,;Al,.) will 
burn quietly. Loose exudate placed on an iron 
anvil will flash when struck a sharp hammer 
blow. It can also be made to go off when hit 
with a hammer on an aluminum sheet, but this 
The flash 
in this percussion test is similar to that from 
metallic calcium 


requires a considerably heavier blow. 


deposit of exudate on the inner surface of the hollow ingot at top right 


Direct Chill Ingots of AM57S for Tubing, Partially Coated 
With Sparking Exudate. The active coating is black and the white by S. Brunauer, P. Emmett and E 
areas have resulted from flashing the black material. Note the thick 


The samples for analysis were scraped from 
the surface by sharp iron tools without accident 
when due precautions were taken to avoid gen- 
eration of heat. The exudate was separated par- 
tially from adhering magnesium by suspending 
bromoform-carbon 


the ground mixture in a 


tetrachloride solution of density 2.0 g. per ml., 
wherein the exudate sank while metallic magne- 
sium floated. 

Microscopic examination at 40 diameters 
showed the exudate to be quite homogeneous 
and to have a spongy crystalline appearance 
Its surface area* was 5 sq.m. per g. This hap- 
pened to be about the same area as that of a 
sample of magnesium 


powder which burned 


quietly on heating. Thus, it seemed unreason- 
able to ascribe sparking merely to finely divided 
particles of metal 

Analyses The beryllium 

content of all the ingots which 
produced exudate was less than 
0.00005. Comparative analy- 
ses of the metallic elements in 
the exudate and the parent 
metal have shown an enrich- 
ment of aluminum, zine, cal- 


cium, boron, sodium, and 
potassium in the former. Mag- 
nesium was the major metallic 
constituent of the exudate, and 
it contained an appreciable 
quantity of sulphur, present 
largely as sulphate with a small 
amount of sulphide. 

The exudate evolved gas 
when it was treated with wate 
It dissolved completely with 
much gas evolution in dilute 
After flash- 


ing, the ash reacted with water 


hydrochloric acid 


to evolve about the same amount 
of hydrogen as it would before 
flashing, but very much less 
when dissolved in acid 

X-ray analysis of Sample 1 
alter some exposure to room ait 
showed a large quantity of mag- 
nesium, a medium quantity of 


magnesium sulphate monohy- 


drate, and a small quantity of 


*QMeasured after evacuation at 
25" C. or at 200°C. by a standard 
gas adsorption technique employ 
ing n-butane at 0° C., as described 
Teller in Journal of the American 
Chemical Society, Vol. 60, 1938, p 
309 
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MgSO,, 19.7% MgO, 19.3% Mg,;Al,.. 
9.8% Mg, 2.7% MgS, 1.2% CaO, 1.0% 





A black coating occasionally on 
magnesium ingots may spark and 


burn violently when hit or scraped 


against another ingot. The active 
agent has been identified as an inti- 
mate mixture of metal and sulphate, 
the latter being formed from sulphur 
dioxide atmosphere used to prevent 
burning of the magnesium. Although 
no serious production problems have 
been created by this phenomenon, 
its possible hazard warrants care on 
the part of casters and fabricators. 





Mg, N., 1.0% Zn, 0.7% MgC,, 0.7% loss 
on ignition, 0.5% Mn.O,, and 0.2% 
SiO.. This comes to a total of 99.1%. 
A similar rationalization can be made 
of an analysis for Sample 1 if it is 
assumed that somewhat more water 
was present in hydrated compounds. 


Synthetic Mixtures 


Mixtures of magnesium powder 
and magnesium sulphate, ground 
together and heated in a _ porcelain 
crucible, were found to flash much 
like the exudate; maximum activity 
was found at a mole ratio of about 3.5. 
Aluminum sulphate acted even more 
violently, and a series of other sul- 








aluminum. Sample 2 showed a medium quantity 
of anhydrous magnesium sulphate, a medium 
quantity of Mg,;Al,.(Mg,;Al,), a small quantity 
of magnesium, and a questionable trace of mag- 
nesium oxide. (Sample 2 had less exposure to 
water vapor before the X-ray analysis, which 
presumably accounts for the magnesium sul- 
phate being in an anhydrous form.) 

Weight loss for Sample 2 on heating in 
vacuum for 1 hr. at 135°C. was 0.7%, and 0.0% 
additional loss on heating at 450°C. for 1 hr. 
The negligible loss between 135 and 450° C. gives 
additional evidence against the presence of a 
hydrate in this material. The loss on ignition 
of Sample 1 was 1.9% at 135°C. 

Sample 2: was extracted with dry ether (in 
which aluminum hydride would be soluble); the 
extract evolved hydrogen equivalent to no more 
than 0.07% AIH, in the original powder. This 
result also argues against the presence of MgHa,, 
since many hydrides are soluble in ether and 
any material of only slight solubility would have 
been extracted and found under the condition 
of the test. 

One of the most striking characteristics of 
the exudate is its ability to flash in vacuum (that 
is to say, continuous evacuation to <0.01 mm. 
Hg) or in an argon atmosphere. This result 
argues strongly against the supposition that the 
phenomenon may be caused by water evolved 
from a hydrate. The gas evolved when Sample 
2 flashed in a vacuum was very small. 

The data are consistent with the following 
composition of this exudate Sample 2: 42.3° 
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phates, nitrates, and oxygen-contain- 
ing chemicals gave the flashing 
phenomenon. Other highly active 
ones, of those tested, were ammonium sulphate, 
barium nitrate and hydrated ferric nitrate. 
These artificial mixtures of compounds with 
magnesium metal powder also were sensitive to 
percussion, the most brisant, again, being the 
mixture of anhydrous aluminum sulphate and 
magnesium. 

Repetition of these experiments with alumi- 
num powder showed the same general character- 
istic, although the flashes were milder. This 
action recalls explosions that have resulted from 
molten aluminum and the sulphates of sodium, 
recorded by E. J. KohImeyer in Aluminium, Vol. 
24, 1942, p. 361, and potassium sulphate. 
barium sulphate, or calcium sulphate, as noted 
by Mellor in his “Comprehensive Treatise in 
Inorganic and Theoretical Chemistry”, 1924 
Edition, Vol. 5, p. 218. 

Effect of Water -— The magnesium exudate 
will largely lose its sensitivity to percussion 
after it has been immersed in water, moistened 
with water, or exposed to moist air. It would 
seem that immersion would leach out much of 
the sulphate. The effect of moist air may be to 
hydrate the sulphate and to oxidize the finely 
divided metal surfaces and make them unavail- 
able for rapid reaction. The exudate from 
Sample 1 (which was not percussion-sensitive 
after long standing) did flash when the ingots 
were remelted. The hydrated magnesium sulphate 
had lower sensitivity to percussion when mixed 
with magnesium powder than did the anhydrous 
salt, but both flashed to the same extent when 
they were heated. 





Nature of Exudate 
on Ingots 


All of the foregoing seems 
to point to a mixture of mag- 
nesium alloy and magnesium 
sulphate as being responsible 
for the percussion sensitivity 
and flashing of the black exu- 
date. In this mixture the sul- 
phate must act as an oxidizing 
agent. On this supposition the 
following equation shows a 
possible situation: 

MgSO, +4Mg—-4Mg0+ MgS 

There is little question 
but that sparking material is 


(The 
excess of aluminum, zinc, and 


exuded during casting. 
has held since 
calcium noted in the analysis 
may lower its melting point.) 
This material must react with num from its 
sulphur dioxide and oxygen in and catalysis. 
the ambient atmosphere to problem of 
form the magnesium sulphate. Mr. Russell 
While this process may go to 
some extent at the casting unit, 

it seems to be advanced most 
rapidly during the preheating 

of the ingot for homogenization. Apparently 
the normal heat treating furnace atmospheres 
contain sulphur trioxide in addition to sulphur 
dioxide; this is suggested by the iron sulphate 
which forms on the steel racks which hold the 
magnesium. The fact that the active exudate 
has only been observed for alloys containing 
moderately high aluminum may result either 
from the high reactivity of the magnesium- 
aluminum constituent or from the longer solidi- 
fication range of these alloys. 


ictive Product of Dichromate Pickling 


Magnesium alloy products are frequently 
subjected to a chrome-pickle treatment (dichro- 
mate dip) to minimize corrosion and to furnish 
a base for paint. As was mentioned in the intro- 
duction, this treatment may lead to an easily 
recognized gray flash on 


coating which can 


abrasion. Experience indicates that even 
commodities having readily visible amounts of 
gray powder on the surface lose their tendency 
to spark on exposure to the atmosphere. 
Chemical analysis of the powder on AM58S 
(8.5% aluminum, 0.5% 


zine, 0.2% manganese, 


{llen S. Russell 


from a low-melting constituent N° assistant chief of the physical 
chemistry division of Aluminum 
Research Laboratories, a position he 
1945, his principal 
fields of interest are the properties 
of alumina, the separation of alumi 
ores, ion scattering 
His interest in safety 
measures brought his attention to the 
“sparking” 
was born in Bedford, 
Pa., in 1915 and educated at Penn 
sylvania State College, 
doctorate in 1941. 


balance magnesium) extru- 
sions, which flashed readily 
after treatment by an im- 
modification of the 


conventional 


proper 
chrome - pickle 
(American Magnesium Corp.'s 
treatment A), showed a high 
concentration of chromium 
(presumably chromate or 
dichromate) and nitrate. 
This spark-emitting coat- 
ing could be produced on a 
laboratory scale by dipping 
similar magnesium sheet in 
a mixture of concentrated 
nitric acid and sodium chro- 
mate. While no extensive 
survey of these coatings has 
been attempted, it is reason- 
able to suppose that dichro- 
mate or nitrate may usually 
be present in these coatings 
and that 
mixture 


this, in intimate 


with magnesium- 
g j “ons e ‘. ads 
magnesium. iluminum c nstituent, lead 
to the sparking. 


receiving his Safety Considerations 
These tests emphasize the 
precautions that must be taken under certain 
conditions of processing if accidents are to be 
prevented in the handling of magnesium alloys 
in production. 

The agents which are capable of sparking 
violent flashes on magnesium surfaces are ordi- 
narily not thought of as hazardous. It also 
remarkable that intimate 
finely divided magnesium alloy 


seems mixtures ol 
with these 
oxidizing agents are formed under commercial 
conditions. Nonetheless, this can and does occur, 
and the dangers therefrom can be very real to 
unwary workmen. 

Particular care should be employed when 
using a sulphur dioxide atmosphere for heat 
treating any new or unfamiliar types of mag- 
nesium alloys. Also, the metallurgist should 
observe carefully lest changes in the operating 
conditions from those which have been estab- 
lished by long practice should cause unexpected 
trouble. 

No sparking black exudate has ever been 
observed on the surface of magnesium ingots 
containing beryllium as described in U. S. patent 
2,380,200 issued to P. T. Stroup and George F 


Sager 6 
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By Harold Ipsen 
President 
and R. Krogh 
Vetallurgist 


Ipsen Industries, Inc. 


Rockford, Lil. 


Bright Hardening, 


Carburizing and 
Carbonitriding 


Devetopment of controlled atmosphere 


heat treatment has undoubtedly been the out- 
standing accomplishment of recent years in the 
metallurgical field. Many types of atmospheres 
and generator equipment are now available for 
industrial use, covering a wide range of process- 
ing. 
are now generally realized. 


The advantages and limitations of each type 
intended 
primarily to prevent oxidation, others to pro- 
mote a the 
Its favorable influence on 


Some are 


surface reaction, but in all direct 


result is clean work. 
marked industrial 


developments in 


resulted in such a 
that furnace 


design have been in the direction of control of 


costs has 
interest recent 
cleanliness. 

Heat treating, as exemplified by the hand- 


fired control surface 
until the 


that some attempt at controlling 


forge, provided no over 


phenomena. It was not 20th century 
gas-fired fur- 
naces was made, by adjusting the air-fuel ratios 
of the burners, with the idea of reducing the 
About 
requirements led to the adoption of pack meth- 


ods, 


amount of sealing. this time industrial 


where charcoal or cast iron chips were 
placed with the work inside fairly tight boxes 
to prevent oxidation, and pack carburizing and 
salt baths for imparting wear resistant surface 
Although 


most respects, these methods provide only lim- 


layers to the work. satisfactory in 
ited control of surface characteristics. 
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Prior to the last war, some metal- 
lurgists were using gas atmospheres 
but 
little work had been done with highly 


to prevent oxidation, relatively 
“reducing” gas mixtures. 
tion 


War produc- 


requirements necessitated more 
suitable equipment, and the furnace 
this 


manufacturers concentrated) on 


phase of design. Favorable accept- 
ance and the increasing demand for 
tribute to the 
success of these early installations. 

Theory and Practice 
conditions 


units of this type give 


In general, 
influence the 
work 


two surface 


appearance of the soot and 


discoloration (thin oxide). Sooting is 
of concern primarily in gas carburiz- 
ing (and related operations when using 

an atmosphere of high carbon potential 
For many years heat treaters have endured 
With 


the advent of gas carburizing, interest was cen- 


soot and carbon film on carburized parts 


tered on obtaining an atmosphere with high car- 
bon potential, and little attention was focused 
on the deleterious effects of sooting. Gradually, 
through attention to the laws of gas chemistry, 
and the use of a diluting or “carrier” gas pro- 
duced by catalytic combustion of a hydrocarbon 
We can 
now furnish cases with any carbon-depth char- 


gas, this condition generally improved. 


acteristic through proper gas flow control and 
with no excess sooting. 

Most installations use a proportioned mix- 
ture of gases, consisting of a carrier gas manu- 
factured in a special gas producer or generator 
and of hydrocarbon additives. (For carbonitrid- 
ing, varied concentrations of ammonia are also 
added.) The carrier gas is usually a product of 
catalytic reaction of air and fuel gas; the pro- 
portions (degree of combustion) determine the 
gaseous constituents. The products of combus- 
CO, H., N., CH, and HO 
The CO, and water vapor are considered highly 
oxidizing to steel and must be controlled. With 
an endothermic requiring outside 
energy to sustain partial combustion (approxi- 
mately 25 ) — the amounts of CO, and H.O are 
but in an 


tion consist of CO,, 
reactor 
negligible, 


exothermic reaction the 





percentages are sufficiently high to require their 
removal. Methane, CH,, and carbon monoxide, 
CO, are “reducing” gases in contact with hot 
iron oxide, and under normal operating condi- 
tions are present in sufficiently large amounts 
to counteract, chemically, the effect of small 
amounts of CO, and H,O remaining in the car- 
Hydrogen is slightly decarburizing to 
hot steel, but this action is minimized by nitro- 


rier gas. 


gen dilution or CH, concentration. 

In carburizing it is general operating policy 
to control the generator gas to a relatively inert 
or lean mixture in respect to its reaction with 
the work and, as stated above, to add proper 
amounts of hydrocarbon gas for carbon control 

to avoid decarburization or to carburize, as 
The dew point of the generator 
gas affords an indication for regulating the 


the case may be. 


carbon potential of the gas, and can be used to 
adjust equilibrium in carbon restoration or clean 
hardening of medium carbon steels. If rich 
ratios of the gas-air are fed to the generator, it 
often results in sooting of the catalyst, and a 
burn-off period is required to restore proper 
operating conditions 

Although dependent on gas flows, the con- 
dition of the atmosphere at the work regulates 
the surface characteristics that are produced 
Accurate gas analyses are extremely difficult to 
obtain, due to the constant gas reactions as 
equilibrium changes at various temperatures 
Equilibrium at any given temperature, wherein 
the atmosphere becomes neutral with respect to 
the work, is directly related to the ratios of 
CO/CO, and H,/H.O; by varying these ratios 
the atmosphere becomes oxidizing or deoxidizing, 
carburizing or decarburizing. 


Sooting Con ditions 


Considered individually, the CO/CO, ratio 
is related directly to the deposition of soot. An 
excessively high ratio of the partial pressures of 
CO and CO, at any given temperature favors 
sooling. It seems as though CO becomes increas- 
ingly stable at higher temperatures, so this soot- 
ing tendency decreases with temperature —— other 
things being equal. At the lower temperatures 
the decomposition rate is slower and this tends 
to counteract the decrease in stability of CO so 
that the work remains relatively soot free if 
cooled in an atmosphere that is nonsooting at 
heat treating temperatures. 

High methane concentrations also have a 
bearing on the deposition of soot but in con- 
trast with CO — it is increasingly unstable at 
higher temperatures and decomposes readily 


Hydrogen, in 
appreciable amounts, tends to counteract this. 


with an increase in temperature. 


We have found, as a practical matter, that 
regulation of gas flows aids in combating soot. 
If the enrichment gas is not added to the carrier 
gas until the work reaches approximately 1450° 
F., the hazard of sooting is reduced. This seems 
reasonable to expect, as carbon absorption is 
negligible until there is some austenite at the 
steel surface (approximately 1350°F.) and we 
might expect carbon to build up on the surface 
prior to this time. Initial penetration is very 
rapid after this temperature is reached; then the 
carbon gradient is reduced by inward diffusion, 
and the speed of absorption drops. Under these 
conditions, we would expect that a lower amount 
of enrichment gas would also be advisable during 
As the 
operating temperature is increased, carbon pene- 


the latter portion of the soaking period. 


tration is proportionally increased and the sus- 
ceplibility to sooting lessened. Under favorable 
conditions, this fact has been confirmed 

It can be easily understood that sooting is 
primarily dependent on proper operating con- 
ditions and is not a function of furnace design 
Discoloration, on the other hand, can usually be 
attributed to oxygen, water vapor or some type 
of lubricant used in prior fabrication of the 
part. Actually two stages of oxidation must be 
considered one occurring at high and one at 
low temperatures. High-temperature oxidation 
is of little consequence when dealing with pro- 
tective atmospheres 


especially those used in 


carburizing as the gas is of a highly reducing 
nature. On the other hand, an atmosphere such 
as dissociated ammonia (hydrogen plus nitro- 
gen), Which is commonly used in bright anneal- 
ing, brazing and hardening, is readily susceptible 
to contamination, unless traces of waler vapor 
are removed from it. Although rarely oxidizing 
to the extent of producing a loose scale, there is 
generally danger of decarburization 

Data published on the effect of temperature 
indicate that higher CO/CO, ratios are required 
for equilibrium with steel of a given carbon 
content as the temperature of the work is 
increased. Therefore, there is less tendency for 
decarburization during the heating or cooling 
cycle, due to the decreased equilibrium require- 
the H,/H,O 
relationship; as the oxidation tendency varies 
inversely as the temperature, work may be clean 
at high temperatures, but will stain during cool- 
ing. An increase in the H,/H.O ratio will cor- 
rect this. 


ments. The converse is true of 


It can be easily understood why 0, 


and H.O must be very low during cooling. Even 


an instantaneous exposure to contaminated 
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atmospheres during a quench is sufficient to dis- 
color the work. 

It is impossible to exclude oxygen entirely 
from the furnace. Air seepage will occur. Design 
features, at best, can only minimize this; a 
reducing atmosphere must be preseni to counter- 
act it immediately. Ammonia additions (as used 
in carbonitriding) are beneficial, as they furnish 
additional hydrogen to replace any lost by the 
formation of H,O with infiltering air. 

Air or water in the quenching oil can also 
Water leakage (normally 
from the cooling system) can be detected quite 
readily by visual examination. 


cause discoloration. 


The oil is char- 
acterized by a brownish-red color-—but only 
when an appreciable amount of water is present. 
Boiling the oil removes all traces of water and 
generally makes it suitable for reuse. 


Table I— Common Steels Bright Hardened 


In atmosphere cooling, care must be taken 
lest the work leaves the cooling chamber too hot. 
A maximum temperature of 325° F. has been 
Even 
then, slight discolorations have been noted at 
Whether this is due to 
oxidizing gases entrapped at such places, or to 


accepted as a requisite for bright work. 
the tray contact areas. 


a slower cooling rate of the more massive tray, 
has not been determined. 

The condition of the parts prior to heat 
treatment must be considered. Pre-treatment 
cleaning or degreasing depends on the type of 
coating, on the surface condition, on subsequent 
operations and, of course, on the furnace equip- 
ment. High-sulphur cutting oils are notoriously 
detrimental to bright work, but any oil or resi- 
due which is highly volatile will usually have 
little effect. The main objection is the smoke 
and sooting during burn- 
off immediately after 
charging the oily parts. 





Gas Flow 
MATERIAI TREATMENT TEMP. 


F. GEN. 


4140 Harden 1500 250 

1117 Carbonitride 1600 250 15 
Type 310% = Anneal 1800 250 

8620 Carburize 1700 250 15 

1045 Harden 1550 250 

1345 Harden 1550 250 

1141 Harden 1550 250 

1018 Carbonitride 1500 250 15 


NATURAL | NH 


ee This condition may be 
REMARKS 


Point*t minimized by increasing 

the generator gas flow 
10) Light gray to purge the 

+15 Bright chamber more quickly. 
0 Discolored 

+10 Brightt 

+40 Bright 

+40 Bright 

+40 Bright 

+15 Bright 


heating 


Oxide coatings are 
readily reduced in a cor- 
rect furnace atmosphere 
Badly rusted pieces clean 
up satisfactorily. For 








*Dew point of generator gas. 
+25-20 stainless steel, oil quenched after annealing. 
tVery slight grayish discoloration. 


Moisture in oil due to condensation is usu- 
ally more troublesome. The concentration is too 
little for visual identification, and it produces 
only a partial discoloration of the work as char- 
acterized by a dull, gray finish. This condition 
is especially noticeable during intermittent oper- 
ation on humid days. 

Oil contaminated with air is usually more 
common, but has less effect on discoloration. 
Many furnace installations use the quenching oil 
as an air seal, but air can easily infilter through 
it. Foaming of the oil indicates air entrapment. 
There has been some indication that (under 
unfavorable conditions) discoloration from this 
source is more pronounced on the heavier sec- 
After 
extended week-end shutdowns or with new oil, 
work does not 


tions, due to their slower cooling rate. 


immediately come out bright, 
but one or two dummy runs will remove the 
entrapped air and the oil is then conditioned 
for bright work. 
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example, clutch levers 
which were preheated at 
in a draw furnace acquired a light scale 
and bad discoloration, but all evidence of this 
condition was eliminated during the carbonitrid- 
ing cycle. 


1000° F. 


Parts reheated after pack carburizing 
and slow cooling regain their original bright 
finish. 

“No-carb” pastes and other stop-off coatings 
used for selective carburizing remain unchanged 
and must be removed after the heat treatment. 
Copper plate or plugs on area to be kept soft 
remain untarnished. (When plugs are used in 
carbonitriding, the case of carbon and nitrogen 
is not eliminated, but due to retardation of 
the cooling rate by the copper mass — the area 
under the plug remains soft and the surface 
color remains unchanged. ) 

Alloying elements affect the degree of bright- 
ness of bright treated steel parts. Generally, 
straight carbon steels acquire the most satisfac- 
tory finish. A group of steels in common use 
are listed in Table I. All low-carbon grades 
were carbonitrided while the medium-carbon 
grades were clean hardened. An endothermic 


generator gas, which was used in this instance, 





is notoriously incapable of bright hardening 
stainless steels, due to its high chromium con- 
tents. The discoloration noted on two of the 
above samples may also be attributed to this 
effect. S.A.E. 4140 steel, 
neighborhood of 1° 


luster. 


which contains in the 
chromium, has a light gray 
increase in chromium above this 
content results in increasingly darker hues, and 
steels containing an appreciable percentage of 
any of the carbide-forming elements would be 
expected to react similarly with an atmosphere 
of high carbon potential. Another of the vari- 
ables in the above samples, nickel, has no bear- 
ing on brightness; sample parts containing as 
high as 80% Ni retain their bright luster. High 
manganese contents, as characterized by “Man- 
Ten”, revealed no harmful effect. Slight varia- 
tions in finish on other parts are attributable to 
corresponding variations in gas flows 


Any 


Equipment 


With a few of these limitations in mind, we 
should briefly review the desirable features that 
must be incorporated in a furnace for producing 
bright work. It is obvious that the unit must be 
gastight and the work protected from oxidation 
through the heating and cooling cycles. This 
can be accomplished only by positively sealing 
off the heating chamber and cooling unit from 
outside air. In this respect a batch-type unit is 
more practical than a continuous furnace; once 
the atmosphere has reached equilibrium condi- 
tions in the former, the chamber remains sealed 
from further contamina- 
tion until the cooling or 


quenching cycle is com- 


Air 
Flat Ground Cylinders 


Surfaces 





pleted. Combustion gas must be segregated 
from the atmosphere through the application 
of radiant tube or full muffle-type construction 
(Contamination precautions are unnecessary in 
heated units.) A _ gastight frame 
entails as much welded construction as possible, 


electrically 


and any necessary openings other than the doors 
should be completely gasketed or sealed. The 
door areas are the chief source of air contami- 
nation and are necessarily of 
sions. 


minimum dimen- 
Flat, ground door frames and door plates 
minimize leakage. A flame curtain 
provided at the discharge end as a precaution 
against explosion, but is not a requisite at the 
charging door, the heating chamber is 
completely the time the work 
reached oxidizing temperatures. 
Continuous 


must be 


since 
purged by has 
furnaces vestibules or 
purging chambers at the charge and discharge 
ends to after 
Sufficient time is allowed for purging 


employ 


minimize air contamination sach 
push cycle. 
these chambers before opening the inner doors 
for charging or discharging. As these inner 
gastight, contamination of the 
atmosphere in the heating chamber 
avoided, 


surface 


doors are not 
cannot be 
their extensive 


offers 


and length and large 


area additional possibilities for 
leakage. 
A batch-type 


above 


furnace 
features 


containing many of 
the Fig. 1. It is 
adaptable for operations in the range of 1250 to 
1850° F. requiring either atmos- 
phere or oil quenching. 


is shown in 


cooling in an 
It was designed specifi- 
cally to produce a bright finish, 


even on heavy 


Fig. Longitudinal Section of Mod- 
at Left Is 
of Quenching Bath 


ern Atmosphere Furnace; 


Cross Section 
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cross sections such as splined shafts, 1°, in. 
diameter by 12 in. long. 

This heat treating unit consists of a heating 
zone, water-jacketed cooling chamber, and 
quench tank. The furnace has a chain hearth, 
recirculating fan, and pneumatically 
front and rear doors. 


operated 
It provides for completely 
automatic operation through any predetermined 
cycle, with electric timers and selector switches 
in a circuit controlled by a single start button. 
The unit is suitable for normalizing, annealing, 
stress relieving, carburizing, carbonitriding, and 
furnace brazing in conjunction with atmosphere 
cooling; and for bright hardening, carburizing 
and carbonitriding when oil quenching is 
desirable. 

Oil agitation (the term “agitation” is used 
erroneously —— it is a flow) is provided by motor- 
driven propellers mounted on either side of the 
quench. In this manner, the oil is drawn under 
the baffles, passed over a series of finned cooling 
coils, and forced down through the work 


Positive circulation quenches small, light parts 


Exact duplication in hardening is possible as 
the transfer period from heating zone to the 
quench is always equal, and the oil temperature 
and its rate of flow can be held constant from 
load to load. 

A few typical carbonitriding treatments run 
in one of these units are outlined in Table I, 
which vary in respect to gas flows and temper- 
ature. Corresponding analyses of the furnace 
atmospheres are also noted. The carrier gas, 
resulting from an air-gas ratio of 2.42 to 1.00, 
analyzed 0.2% CO,, 214% CO, 0.9% CH, and 
34.07 H,, and had a dew point of +20°F. We 
have found that bright work may be expected 
within the range of operating conditions listed 
in this table. Carbon penetration was measured 
from stepdown bars, machined from C-1018 steel 
and processed 60 min. at temperature. Sample 
cuts were made in 0.002-in. steps to a depth of 
0.010 in. and a final cut of 0.005 in 
totaling 0.015 in. 


removed, 
The reader will note the wide 
range in surface carbon can be attained by vary- 
ing the enrichment gas flow and the temperature 


Table Il — Typical Carbonitriding Runs on C-1018 Steel 








Gas Flow 
TEMPER- Drew 
ATURE GEN- NATURA NH Point* 
ERATOR GAS — 


1600° F. 250 0 30 
1600 250 15 30 
1600 250 30 30 
1500 250 15 30 
1 


1700 250 i) 30) 


GAS ANALYSIS 


CARrBoN CONTENT AT Deptu STATED 


0.001 0.003 0.005 06.007 0.009 0.012 
0.29 0.27 0.25 0.22 0.21 
0.90 O85 0.78 " 0.63 
1.09 0.96 0.90 s 0.71 
O.85 0.78 0.70 j 0.45 


1.11 1.08 1.02 , 0.91 





*Of generator gas, ’F. 


which might otherwise tend to float out of their 
container under conditions of severe agitation. 
Two oil impellers enable the operator to select 
a drastic or a moderate quench, or something in 
between, readily adaptable for processing a wide 
range of steel grades, and 


providing proper 


hardness. distortion on = critical 
parts can be avoided by choosing an initial fast 


quench, 


Cracking or 


Furthermore, high-speed flow is neces- 
sary on densely packed loads to assure a uni- 
form cooling rate throughout. 

Circulation of cooling water is controlled by 
aquastats, set for the desired temperatures. The 
system may also be insulated and contain an 
immersion heater to supply hot oil for such hot- 
quenching as martempering. 

Such an automatic system is well suited to 
the stringent metallurgical 
today, for it eliminates many of the variables 


requirements of 


common to manual or semiautomatic operation. 
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Costs 


In the present highly competitive market, 
management is primarily interested in reducing 
unit operating costs. The savings through con- 
trolled atmosphere heat treating are generally 
appreciated. Actual operating costs are more a 
function of furnace design than of heat treating 
process. Often, the greatest savings are realized 
indirectly through the elimination of processing 
methods prior to or 
In this 


especial attention. 


following heat treatment. 
respect, cleaning operations deserve 
The obvious advantage of clean hardening 
is the reduction in subsequent cleaning costs. 
Usually the application of the part determines 
the degree of cleanliness required. 
appeal, 
lend themselves to 


Aside from 


consumer many specific applications 


special consideration for 
absolute cleanliness. In such instances, cleaning 


costs are so high and cleanliness so restrictive 








that the original production of bright work saves 
much money. This is possibly best exemplified in 
parts that must be electroplated. One manufacturer 
formerly processed millions of small parts yearly 
in liquid cyanide baths. Following this, all the 
parts required plating, and stringent care was man- 
datory in cleaning; each part had to be handled 
individually. Cost analysis revealed that about 12¢ 
lb. was spent on cleaning prior to plating! 
After installing bright carbonitriding equipment, 
the entire cleaning department was eliminated 


per 


In 
O56 


addition, normal heat treating costs were only 
those of liquid cyaniding. 

Many plants now use acid for cleaning, and 
there is always danger of hydrogen embrittlement. 
This hazard was eliminated by bright 
hardening various types of highly stressed 
springs, otherwise subject to failure from 
acid embrittlement. 

Although hardened parts are almost 
universally shotblasted, many with small 
internal threads, and 


bores, irregular 


Table Ill — Auxiliary 


Savings Through Clean Hardening the Parts Shown Above 





Pant: VALVE 
C-1020 butt- 
welded to C-1045 
(Forced convection 

} draw 


Material 


Previous heat treatment 


\ Stress relieve 

) and harden 

| Retapping 

}) threaded hole 
80.0005 
0.0007 
0.032 
O.0318 


Present bright treatment 


Process eliminated 


Previous unit heat treating cost 
Present unit heat treating cost 
Unit cost eliminated 

Unit savings 

tatio of savings to 


{tol 


cost of heat treatment 





Prien SEGMENT Gear Leven 


C-1060 C-1020 C-1010 


Clean harden 


Cyanided Carburized 


in salt 


Harden Carbonitride Carbonitride 


Finish Cleaning 


Blasting 
grind 

S0.005 
0.0007 
0.030 


0.0343 


before plating 

S0.001 S0.0015 
O.0011 
O.015 


O.0154 


0.00025 
O.001 

O.00175 
tol 


Ttol l4tol 








indentations cannot be cleaned satisfactorily in 
standard equipment. Such parts often require 
special grits and extra care in handling. Liquid 
blasting is sometimes suitable, but often requires 
hand-directed blasts for individual cleaning 
Hardened parts, with thin, sharp edges and cor- 
handled lo 


On parts such as these, there is no 


ners, must be carefully prevent 
breakage. 
doubt of the practical aspect of bright hardening. 

Due to the 


nitriding, combined treatments may be devised 


unusual interest in carbo- 
For instance, two parts can be silver brazed and 
carbonitrided in the same operation. 
of 


from 


Requisites 
this treatment are protection of the 
of perfectly 
clean contact surfaces for proper bonding action. 


solder 


oxidation and preparation 


Availability of solders whose 


correspond to the required carbonitrided tem- 


melting points 
perature ranges simplifies the operation 

In addition to some of the examples noted 
above, other indirect factors do not necessarily 
appear on cost records as savings. Reduction in 


intershop handling and transportation costs, 


savings in machine setup time by combination 
of all 
must be considered. For example, since furnace 


operations, and production speed-up 


sooting must be more carefully controlled when 
bright hardening, less downtime is required for 
burn-out of catalyst. (Tray burn-off is required 
in relatively few instances 

A few practical examples of cost savings in 
associated shown Table Ill 


operations are in 
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On one of the parts improved physical properties 
were attained and, as in so many instances, this 
improvement in quality overshadows in itself 
the importance of savings in process. 

Of course, the cost of bright hardened or 
annealed work is dependent on the equipment, 
the process, and the parts themselves. The more 
automatic the equipment, the lower usually the 
cost. Deeper cases require longer soaks, and 
the addition of ammonia increases the cost of 
carbonitriding over carburizing. 

In general, costs vary from %\¢ a lb. up, 
depending on burden and accounting practices 
Total costs, which include (besides labor, mate- 
rial, upkeep) factory overhead and administra- 
tive expenses, will generally range upward from 
Yo¢ a lb. Details for a clutch plate weighing 
8 oz. made of rimmed steel, bright carbonitrided 
to a depth of 0.003 to 0.005 in. are tabulated 
below. The furnace handled one charge of 250 
Ib. each hour. Heat treatment was at 1550° F.; 
the work was at heat 10 min., held in the cooling 
zone above the oil for 5 min. (the cooling jacket 

130° F.), quenched 
Case was file hard. 


shown in Fig. 1 being at 


2 min. in oil at 150° F. 


The generator gas (dew point +15° F.) was 
supplied at the rate of 250 cu.ft. per hr., with 
15 cu.ft. 25 «cu.ft. 
added. 


1. Direct Labor 
2. Treating Materials 0.12 
3. Factory Overhead in Detail 

Electric $0.01 

Gas 0.15 

(b) Maintenance (on equipment) — 0.10 


natural gas and ammonia 


Details of cost follow: 


$0.25 


(a) Fuel 


Depreciation and amortization 

on equipment 0.15 
Insurance on equipment 0.04 
Faxes on equipment 0.04 
building 0.02 
General factory 0.05 
Supervision 0.04 

Total factory overhead 0.60 


Occupancy 


Cost of work produced 0.97 
General and Administrative 0.15 
Total Operating Cost 


per Furnace Hour* $1.12 


$0.0045 
$0.0022 


Cost per pound 
Cost per piece 


*Does not include outside work, royalties, inspec- 
tion, laboratory expense, order and service department 


expense, receiving and shipping expense. 


Machinability and 


Productivity of Ductile tron’ 


Increasep PRODUCTIVITY in machining 
means not only more pieces per hour but also a 
reduction in floor space and capital investment, 
as well as increased manpower efficiency. 

with conventional mal- 


Long experience 


leable iron, both long cycle and short cycle 


annealed, is ample evidence that highest 
machinability is obtained in irons having a fer- 
ritic matrix. The conventional gray irons can 
be annealed into such a ferritic structure, but 
then have little strength and hence find limited 
Ductile 


as-cast or annealed, maintains high physical 


applications. iron,* however, either 
strength and acquires excellent machinability. 


Ductile iron is available in a variety of con- 
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ditions. Three grades are suggested for general 
80-60-5, and 60-45-15. 
These code numbers refer to tensile strength in 
1000 psi., yield strength in 1000 psi., and per 
cent elongation in 2 in. on the standard A.S.T.M. 
0.505. in. specimen. (See A. P. 
Gagnebin, The Iron Age, May 4, 1950.) 
Attention was first directed to the high ten- 
sile strength properties shown by this material 


usage, namely $0-65-2, 


tensile test 


compared to the conventional cast irons; how- 


*Epiror’s Foornote: The meaning of “ductile 
iron” in this article is restricted to “magnesium- 
containing cast iron in which the free graphite 
takes the spheroidal form in the as-cast state”. For 
other varieties see Metal Progress for November 
1950, p. 729. 





ever, interest is now turning to the 60-45-15 
grade which combines good physical properties 
with excellent machinability, as will be presently 
described. This tensile strength, incidentally, 
is as high as the best grade of cast iron, deter- 
mined by the 1.2-in. “arbitration bar”, but in 
addition, the ductile iron offers a yield strength 
offset 0.5% 
extension by dividers) and a ductility of 15%, 
the latter two properties being practically absent 
in ordinary cast irons. 


of 45,000 psi. minimum (0.2% or 


Cast steel, although possessing physical 
properties comparable to ductile iron, does not 
offer the advantages of simplified casting tech- 
niques and ease of machining 


Vicrostructure 


As is well known, gray irons are structurally 
characterized by the presence of free graphite in 
the flake form. The matrix structure generally 
consists of pearlite or free ferrite. High strength 


alloy irons may have an acicular structure. 
Usually, the matrix of gray irons contains coarse 
or fine pearlite, depending upon the cooling rate. 
Free ferrite is ordinarily pres- 
ent in small quantities in the 
as-cast condition; however, 
large amounts can be produced 
by annealing. See the micros 
in Fig. 1, p. 240.) 

Ductile 


distinction, are characterized by 


irons, in contra- 
the presence of free graphite in 
The matrix 
structure, again, may be pearl- 


the spherical form. 


ite or ferrite or combinations of 

both. Ductile iron has been cast with matrix 
completely pearlitic or completely ferritic. It 
is possible also to anneal the pearlitic structures 
and transform all or part of it into free ferrite 


Table I— Cast Irons for Machinability Study 


By John F. Kahles 
and Norman Zlatin 


Partners 
Vetcut Research 
and Richard B. Kropf 
Vetallurgist 
The International Nickel Co., Inc. 9 44 
Cincinnati 


and graphite. The free graphite in ductile iron 
is described as spherical, while that of malleable 
iron is more accurately described as nodular. 
Representative microstructures, shown in Fig. 
the 
Compositions, physical 


2, are of the materials on which machin- 
ability tests were run. 
properties, and heat treatments of those four 
flake-graphite the five 


graphite irons are given in Tables I and II. 


irons and spheroidal- 


Tool Life 


Turning tests were made on bars 3 in. in 
diameter by 30 in. long in which the structure 
carefully Carbide 
were employed and cuts were taken 0.100 in. 
The tool 


life test was ended when the wear land behind 


was very controlled. tools 


deep at 0.010 in. feed per revolution. 


the major cutting edge reached 0.030 in. 

The tool life results for the flake graphite 
test of cast irons are shown in Fig. 1, wherein 
tool life in terms of volume of metal removed is 
plotted against cutting speed. For a reasonable 
tool life of 200 the 


(curve at extreme left) would have to be cut ata 


cu.in, acicular structure 
speed of 150 ft. per min., the fine 


and coarse pearlite structures 
(which differ very little) at about 
300 ft. while the 
nealed ferritic structures (at 
treme right) could be machined 
at about 950 ft 


Tool life curves for the due- 


per min., an- 
ex- 
{ssociates 
per min. 
tile cast shown in Fig. 
that 


ability improves as the ductility 


irons are 


is observed machin- 
increases, as the amount of free 
the Brinell 
Of particular significance 


ferrite increases, or as associated 
hardness decreases 
is the fact that the annealed irons can be cut at 
speeds as high as 1000 ft. per min. with reason- 

able tool life. 


tally, the end points in 


Inciden- 





STRUCTURE MN P 


Flake Graphite Cast Iron 


S 


Fig. 1 and 2 represent a 
tool life of at least 1 hr. 
When Fig. 1 and 2 


Si Ma 


Acicular, 263 
Fine, 225 
Coarse, 195 
Ferrite, 100 


2.78 | 1.03 |0.12 
3.22 0.62 0.08 
1.10 0.10 
0.35 0.05 


Acicular iron 

Fine pearlite 
Coarse pearlite 
Ferrite (annealed*) 


0.064 
0.097 
0.108 
0.133 


2.30 0.32 Mo 
2.10 0.64 Cr 
2 
1 


are superimposed so a 
comparison can be made 
between the machining 
of the gray 
and ductile cast irons, it 
will be observed that the 
with 100% 
ferrite matrix, plotted at 
extreme right in Fig. 1 
and 2, 

identical. 


2.44 
62 : 
properties 
Spheroidal cast Iron 

O.11 (0.018 2.66 
0.09 0.014 2.82 


” 

2 
0.082 0.018 3.04 

2 

” 


Graphite ¢ 
3.33 | 0.45 
3.41 0.42 
3.82 | 0.23 
2.79 6.53 
3.69 0.27 


2% , 265 
» 215 
, 207 
, 183 
,170 


20% 


60% 


ferrite (as-cast) 
ferrite (as-cast) 
60% ferrite (as-cast) 
97% ferrite* 
100% ferrite* 


1.65 
0.81 
1.13 
1.59 
1.15 


0.078 
0.073 
0.082 
0.071 
0.060 


materials 


0.09 0.014) 2.76 
0.045 '0.014) 2.64 











are practically 


*Annealing cycle: Heated to 1650° F. for 30 min., furnace However, tt 
ywever, the 


held there for 5 hr., air cooled. 


cooled to 1275° F. 
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the ferritie 
form for applications where 
machinability the 


quantities in 


- 
To 700 Cu In } a 
ot 800 Ft. \ 
| it high is 





a) 
67) 
12) 


ur) 
9 
s) 





5S.) 


Metal Removed, Cu. In 
9 


S 
S 


x } 
Acicular, 263 


, ——+_>—— 4 


+ 


consideration, 
it 


ruling be- 
to 
high 


cause is possible 


+ 


Ferrite, 100 


~ « combine (along with 


i strength) 


cutting speeds 


and production rates far 


ly 
Sa 


greater than those possible 
with gray iron. 
innealing 


Most 


Irons 


of the 
cast in large quanti- 
to date 
roidal graphite in a matrix 


ductile 


} ties show 


a sphe- 





containing a percentage of 





100 +=200 300 400 500 600 


Cutting Speed, Ft per Min 


Fig. 1 

by wear land behind cutting edge: test stopped when 
ductile irons are about 25°) more machinable than 
the flake graphite irons at the same hardness level. 
For example, tool life for 200-cu.in. duty can be 
at 200 ft. 
marked “2¢;, 265", but the speed must be slowed 


down to 150 ft. per min. for the fake graphite iron 
“acicular, 263”, 


achieved per min. with ductile iron 


Likewise the cutting speed (using 
207” is 


min. 


the same criterion) for ductile iron “17%, 
$20 ft. per min., and only 325 ft. per 
195 Brinell 
Table IIL summarizes such a comparison for 


for 


coarse pearlitic iron with hardness 


all nine irons tested. 


gain, particular attention should be 


700 800 


Machinability Tests on Cast Irons Containing Flake Graphite. 
Structure and Brinell hardness noted for each variety. 


pearlite varying from 50 to 
100%. 


900 1000 


These structures 


are responsible for high 
strengths but, as previously 
the 


Tool life measured 
this reached 0.030 in. 


pointed out, are not 


most desirable from a 


chinability standpoint 
The desirable that 
have been recommended involve a holding time 


annealing practices 
of 30 to 60 min. at temperatures of from 1600 
to 1750° F., al 
1275" F. These cycles almost always have been 
extremely liberal 


followed by a 5-hr. treatment 


on the safe side and high- 
production operations justify a careful evalua- 
tion of the eyele to be used. 

The treatment at 1600 to 1750 
objective the 


F. has as its 


rapid decomposition of any den- 


Table Il — Properties of Irons Tested 





paid to the fact that by producing a com- 
pletely ferritic structure through annealing or 
other of the 
improved Ductile 
still retain high 

in fact, the strength of 


means, machinability irons is 


tremendously irons in 


such condition physical 
the 


pletely annealed ferritic iron was greater than 


strength; com- 
the highest strength as-cast gray iron, 70,000 
Thus, the ferritic ductile iron 
not only provides high strength, but also high 


vs. 59,700 psi. 


ductility which is completely lacking in gray 
At 
irons can be machined at much higher speeds 
than the best of 


iron. the same time, the ferritic ductile 





the commercial irons, 


Fine, 225 
Coarse, 195 
Ferrite, 100 


Dy > > 
BRINELI TENSILE PROPERTIES 
Mark 
HARDNESS 


ULTiMatTe Yreup Evone. R. or A. 


Flake Graphite Cast lron* 
263 
225 
195 
100 


Acicular, 263 59.700 
415.000 
35.000 


15,700 
Spheroidal 
265 
215 
207 
183 
170 


Graphite Cast Iron 
97,250 
93.000 
84,700 
77.100 
70,000 


78.000 
72.000 
69,800 
62.000 


2.0 
1.1) 
17.5 
20.0 


56.000 22.0 





gray 
and hence provide material for high produc- 
tion rates. 

Ductile irons are now being used primar- 
it 


appears logical to anticipate the use of large t 


specimen: 


ily for high-strength parts; however, ‘ 
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with 2-in. gage length. 


*From 1.2-in. arbitration bars. 
‘Cast specimen: 
Standard 


1-in. keel bar cast in dry sand. Test 
round test specimen, A.S.T.M. E-8, 

Yield strength measured at 0.2% 
fTset, dividers method at 0.5% 


inder load. 


or by the extension 











dritic carbides which may be 450 
present, especially in thin 
sections, Vy; in. or less. 400 
Whenever such primary car- 

bides are present, this treat- 
ment is advisable. Obviously, 


w 
Wn 
2) 


the section size and rate of 


cooling are often such that 


: 


the casting contains no ex- 
cess carbides, and this por- 
tion of the “standard” evele 
may be eliminated. The 


a) 
Nn 
12) 


ductile iron compositions 
we have tested show that 
heating at 1600 to 1750° F. 


does not alter measurably 


Metal Removed, Cu. /n. 
N 


the rate of pearlite decom- 

position in the second portion 
of the cycle at 1275° F., below 
the lower critical temperature. 
For example, a casting some- 
what higher in carbon and 
lower in silicon than the sam- 





| 
To 750 Cu. in.) 
at 600 Ft JN 


| 22%, 170 
“8 
a & 

. a 


| | 
20%,/83 qe? 





| 


va 





} 





1 
ple labeled 20 7%, 183 in Table 100 
I but otherwise of quite simi- 
lar chemical composition was 





aa 
200 300 400 500 600 700 800 900 1000 
Cutting Speed, Ft. per Min 


given the double cvcle (30 min Fig. 2 Machinability of Cast Irons Containing Spheroidal Graphite. 
» . . ? . . . . . 
at 1750° F.: 2 hr. at 1275° F.) Elongation (tensile), Brinell hardness and structure noted for each variety 


and retained 10° of pearlite 
in the matrix 

Another portion of the same casting thal 
was annealed 2 hr. at 1275" F. (omitting the first 
portion of the standard eycle) retained 15% of 
pearlite in the matrix. 


In order to reach a 10 pearlite level in the 


above experiment the time required was 2 hr. 
instead of 2 hr. Furthermore, machinability 
evaluation reveals little difference over a range 
of from 5 to 15% pearlite in the matrix. To 
date there haven't been sufficient data to evalu- 
ate comparative physical properties, but the 
limited information available shows no marked 
variation in the standard tensile properties. 


Whenever primary carbides are present in 
the as-cast structure in significant quantities, 
heat treatment at 1600 to 1750 °F. is mandatory. 
Some of the carbidic ductile irons (analogous to 
white cast irons) contain as much as 60° pri- 
mary carbide. The lower left curve of Fig. 3 
represents the time required to decompose car- 
bide in such an iron containing 30% carbide 
as-cast. Only 15 min. at 1650° F. was required 
to lower this percentage to 7% and leave it well 
distributed in small particles in the matrix, An 
additional 45 min. (60 min. in all) was required 
to remove all but 2% of the carbides. If subse- 
quent low-temperature annealing converts the 


Table Ill — Relative Cutting Speed for 200-Cu.In. Tool Life 





FLAKE GRAPHITE IRONS 


Hanp- Uti 
NESS MATE 


MATERIAI R. A. 


Acicular 263 «59,700 


Fine pearlite 22: 15,000 
Coarse pearlite 9. 35,000 


Ferrite (annealed) 15,700 








SPHEROIDAL GRAPHITE IRONS 


'Hanp- Unt 
NESS | MATH 


SPEED MATERIAI 


150 
200 2° (as-cast) 265 17,250 
310 “ (as-cast) 215) «=-93,000 
325 
420) | 17° (as-cast) 207 = 84.700 
600 120% (annealed) 183 77,000 
960 
970 122% (annealed) 170 70,000 
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pearlite into ferrite and graphite, there is evi- 
dence that this small quantity of permanent 
carbide will not be detrimental in machining. 
This is not true, however, if the matrix remains 
pearlitic. 

Heat treatment at 1275° F. has as its objec- 
tive the decomposition of pearlite to ferrite and 
spheroidal graphite. The reaction rate is very 
high for ductile irons having a high percentage 
of combined carbon; in fact, the most rapid 
rates at 1275° F. are achieved with those irons 
that were originally “white”. Reaction rates are 
also high during the first hours of annealing. A 
typical example is given in the upper right curve 
of Fig. 3, which shows the progress of decompo- 
sition of a ductile iron with matrix originally 
60% pearlite. It was reduced to 25% in 2 hr. and 
it took 14 hr. more to bring this down to 2%. 

The most salient conclusions gathered thus 
far in the annealing of ductile irons are: 

1. That annealing is rapid. 

2. That annealing is very rapid if one per- 
mits small quantities of carbide and pearlite to 
remain in the matrix structure of ferrite. 

It has been shown in Fig. 2 that a ferritic 
matrix retaining as much as 20% 
affords excellent machinability. 


pearlite 
Further studies 
are planned for evaluating the influence of small 
quantities of carbides. 


{ pplications 


A survey of applications in the high-produe- 
tion automotive, tractor and engine fields reveals 
that a considerable potential exists for the use 
of ferritic ductile iron for high production as 
well as high strength. Such parts as cylinder 
heads, pump bodies, manifolds and housings are 
particularly suited. In addition, many parts 
now made of high-strength gray irons can be 
converted to ferritic ductile 
machinability 


with an 
without loss of 


irons 
increase in 
strength. 

Manufacturers of compressors, paper mill 
machinery and those in the heavy machinery 
field find the high modulus of ductile iron, 
coupled with high strength and castability, 
enables them to replace steel castings at com- 
parable costs. Further, the greater facility with 
which the magnesium-treated iron is machined 
effects savings of 20 to 40% on the former cost 
of the finished components. 

Some specific items may be mentioned. A 
10-in. annular gear with coarse teeth on the 
edges has replaced a gray iron clutch part made 
by a prominent manufacturer, eliminating 
breakage in service and at the same time lower- 
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ing production costs because of the greater ease 
with which it is machined. 

A diesel engine builder finds that in addi- 
tion to lower machining costs, pistons (6 in. 
with its excellent 
strength and ductility permit an increase of 


diameter) of ductile iron 


engine speed by 50%, thereby up-rating the 
Similar experiences have led 


other people in this field to specify these new 


engine output. 


irons for flywheels and engine heads as well, 


since increased speed imposes increased acceler- 


Hr. at 1275° F. 
6 8 10 2 





Pearlite — Fe+C at l275°F. 


Read Up and Right 
A 


i ahs 
% Pearlite in Structure 


% Carbide in Structure 
alien 
5 





| and Left 
0 10 





20 
Min. at 1650 °F. 


Fig. 3 


Up Primary 


Time Required at 1650° F. to Break 

{s-Cast “Carbidic” 
Pearlite Into 
The iron represented by the upper curve 


Carbide in 
Iron and to Ferrite 
at 1275° F. 


was not given a 


Transform 


prior austenitizing treatment 
ating forces, in turn requiring material of higher 
strength. 

Hydraulic transmission gears are of rather 
complicated shape, require good dynamic 
balance and much machinability. A 12-in. diam- 
eter gear of this sort demonstrates the desirabil- 
ity of machining ease; for this reason, along 
with ductility and adequate strength, the manu- 
facturer adopted ductile iron. 

Partially machined pump impellers clearly 
demonstrate the advantage of ductile iron, which 
can survive blows from tramp solids without 
wrecking the entire mechanism. 

Castings in volume production offer fertile 
fields for full realization of the structure- 
machinability relationship of this new, interest- 
ing, engineering material. 6 
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Critical Points 


Power From the Atom 


MMEDIATELY after the wartime censorship 
was removed on the topic of nuclear energy, 
popular scientific writers rosily predicted a 
brave, new world where power is had for noth- 
ing and so could 
Nevada 


Doubts soon appeared. 


such miracles as 


with 


perform 
distilled sea 
Undoubtedly 


irrigating deserts 
water! 
enormous heat is generated, but where, for 
example, could be found a refractory and scale- 
proof “boiler tube” with excellent heat conduc- 
tivity, one that would not absorb free neutrons 
and so quench the nuclear fire, nor alloy with 
a liquid metal circulating medium? 

Each semiannual report of the U. S. Atomic 
Energy Commission outlines a great amount of 
work on this problem of nuclear power, but each 
official pronouncement seems to postpone the 
expected date of fulfillment. There are so many 
possible combinations of high, medium, or low 
temperature level, graphite or heavy-water mod- 
erator, pile or homogeneous, uranium or breeder 
reactor. Then wrap this whole matter up in 
and it is not surprising that credible 


estimates of costs of nuclear power are absent. 


secrecy 


Far from costing nothing, operational costs are 
obviously considerable, even if the fuel itself 
comes tree. 

Estimates presented by C. G. Suits, director 
of research of General Electric Co., to the recent 
Cleveland meeting of the American Association 
for the Advancement of Science are therefore 
enlightening. He postulates that only a large 
power plant can be competitive 
of 500,000 hp. 
of nuclear fuel to be equal to the cost of coal 
per B.t.u., that plant operation costs are equiva- 


on the order 
In “Case A” he assumes the cost 


lent, and that nuclear byproducts can be wasted. 
On this basis the reactor cannot cost more than 


$11,000,000 to compete with a typical large 


By The Editor 


“Case B” he 
assumes that nuclear fuel can be regen- 


steam-electric plant. In 

erated and so would cost nothing; in that 

event the reactor could cost $38,000,000 

and still compete. “Case C” assumes 
that spent nuclear fuel can be sold for 
its plutonium content at a profit equal 
to the cost of coal consumed by a com- 
peting steam-electric plant; then the 
reactor might cost $65,000,000. 

After available 
information, including the $25,000,000 
cost of the 40,000-hp. reactor at Brook- 

haven National Laboratory, Suits concludes that 
$50,000,000 to $100,000,000 represents the cost 
of building a large reactor under current limita- 
tions of 


considering the 


technology. It follows that only a 


breeder reactor (“Case CC”) would be competi- 


tive in present-day America. 
Studies on Jet Engines 


RECENT AFTERNOON spent at the exten- 
L sive and expanding Lewis Flight Propulsion 
Laboratory of the N.A.C.A. 
Committee for 


(National Advisory 
near Cleveland's 
Municipal Airport indicated that the investiga- 
tors there 


Aeronautics) 


once busy with internal combustion 
reciprocating engines are now pre-occupied 
with gas turbines and even higher-speed rockets. 
Judging from the metallurgical work in prog- 
ress, rapidly inspected under guidance of Mervin 
Ault of the Materials Research Section, the bot- 
tleneck in jet engines is the turbine bucket or 
blade, although liners for combustion chambers 
and tail cones seem to be working near their 
Since each Ameri- 
manufacturer now has his 


maximum limit at present. 
can engine own 
preferred blade alloy (without much clear-cut 
evidence for the choice), these commercial mate- 
rials are under intensive study, not only by 
creep, stress rupture and fatigue testing at high 
temperatures, but also as blades mounted in 
superchargers or turbines and operating so as 
to correlate test values with actual performance. 

Supercharger wheels are used to test the 
effect, say, of a definite heat treatment on per- 
formance of blades. A whole wheel will be 
equipped with blades of a single lot, all identical 
as far as acceptance tests can determine. Run 
this wheel at controlled speed and temperature 
until the first blade fails; replace it; start up 
and continue until the next blade fails; replace 
it; and so on until the last of the original blades 
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gives up the ghost. If cumulative failures in 
such a test are plotted 
a frequency curve. 


against time, the graph is 
The practical problem is to 
move the beginning of the curve to the right 

in other words, it is the life of the poorest blade 
that determines the life of the engine. 

Among the interesting facts already discov- 
ered by this method of experimentation is this 
If some of the present high alloys, ordinarily 
used as-cast, are properly aged, the earliest 
fracture at a given working temperature is 
noticeably postponed; furthermore, an optimum 
heat treatment seems to move the entire curve 
Another 
more conventional testing 


to the right, toward longer times. 
notable finding of 
concerns surface finish of coarse-grained test 
pieces, either finish machined, ground, or pol- 
ished; this has considerable influence on, say, 
the fatigue resistance at atmospheric tempera- 
tures, but very little at 1000° F 
One gathers from conversation 


. and higher. 
with various 
engineers at Lewis Laboratory that they have 
little hope for boosting the engine temperatures 
more than a couple of hundred degrees with 
bare metal blades (although Howard Scott of 
Westinghouse would say, “Don’t sell molybde- 
Metal coated with 
ceramic oxides or silicides would be useful in 


num and its alloys short!”). 


somewhat higher ranges were it possible to make 
a coating absolutely free from pinhole porosity. 
Seemingly the best present hope for turbine 
parts to operate in the range of 2500° F., where 
a great gain in a turbo-prop engine’s thermal 
efficiency can be predicted, is to make them of 
mixtures of refractory metals and ceramics or 
to make blades entirely of a refractory sub- 
stance. As an instance of the latter, molybde- 
num disilicide (MoSi,) is attracting attention. 
The powdered and purified chemical is pressed 
lightly 
machined close to finish with carbide tools, fully 


approximately to shape, sintered, 
sintered, then ground with diamond abrasives 
to final size. It is quite brittle at room tempera- 
ture and therefore the problems of manufacture, 
How- 


ever, at working temperature, the silicide is 


shop assembly and overhaul are imposing. 
surprisingly strong and ductile properties 
which indicate, perhaps, some forgeability. As 
mentioned, though, assembly without cracking 
will involve most careful handling, improved 
attachments, and means of discovering unfail- 
ingly an all-but-invisible crack. . . . For the 
tests at high temperature there is a wealth of 
ingenious equipment available, some units oper- 
ating steadily at 3500° F. in vacuum or helium 
atmosphere. Simple transverse bending tests 
(the sample and fixtures at high temperature) 
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are relied upon in preliminary surveys of pro- 
posed alloys or compounds to separate the sheep 
from the goats. Any interesting formulation 
must also pass the heat fatigue test, wherein a 
sample is heated repeatedly to incandescence 
and then quenched in a blast of cold air. Instru- 
mentation of the engines during a test run is also 
quite ingenious and complete; temperature of 
the blades is measured, for example, by leading 
noble metal thermocouples from an appropriate 
slip ring through hollow shaft and up axial holes 
within the blades themselves, ending at the 
required position. It’s the temperature of the 
metal, not the gases, that is important. 


Productivity of Labor in Steelmaking 


yore THAN ONCE it has been remarked in 
“Critical that the 
trend of technological advances and managerial 


Points” labor-saving 
skill, while undoubted, is very hard to evaluate 
little book by 
Hogan of Fordham University’s fac- 


quantitatively. Comes now a 
William T 
ulty containing a careful analysis of “produc- 
tivity in the blast furnace and openhearth 
1920 to 


He studied the records of a single large 


segments of the steel industry from 
1946". 
steel plant, having eight blast furnaces with 
1944) of 


2,290,000 net tons, and 16 openhearths which 


maximum annual production (in 


produced about 1.700.000 net tons of ingots in 
.. Total 
direct labor plus distributive labor of general 


1942, again in 1943, and again in 1944 


vard gangs and so on averaged 2.36 man-hours 
per net ton of pig iron in 1920 to 1924 and 0.75 
man-hours for 1942 to 1946 inclusive. Despite 
a Steady increase in average wage rates from 
o6¢ per hr. in the early 1920's to $1.17 in the 
mid-1940's, the labor cost of smelting iron ore 
has been reduced from 1.32 to 88¢ per ton. 
Professor Hogan remarks that “the wage rate 
bears little if any causal relation to productivity 
or man-hours per ton in this plant. This phe- 
nomenon is not at all surprising when consid- 
eration is given to the fact that man-hours per 
ton are a direct result of efficiency within the 
plant itself, whereas wages are determined by 
bargaining on a company-wide [or industry- 
wide basis”. Corresponding figures for 
openhearth production are as follows: One net 
ton of ingots cost 3.29 man-hours at 56¢ per hr. 
or S184 in 1920-1924, and 1.53 man-hours at 
$1.17 per hr. or $1.79 in 1942-1946. Apparently 
the labor-saving devices in a modern openhearth 
shop have hardly been able to keep ahead of the 
increasing cost of the labor that must still be 


expended. rs) 





Antimony Plate 


Antimony is a metal known (and used some- 


what sparingly) since ancient times Its con- 


sumption in quantity came with commercial use 
of its alloys with lead (with which it is commonly 
associated in nature, and therefore is a 
alloy coming from the smelter). 


“natural” 
Noteworthy are 
type metal, bullets, babbitts, and storage battery 
plates. It is available in tonnage in 99.8% purity, 
but is seldom used in this condition, despite some 
interesting properties — notably, high resistance to 
industrial atmospheres, to oxygen-free hydrochlo- 
ric acid, and to hydrofluoric acid. On the debit 
side, it is as weak as lead 


1600 psi 


tensile strength about 
yet as hard as zine (Brinell 40) and very 
brittle. An ancient use was for mirrors; buffed 
surfaces have a higher reflectivity than chromium, 
although not as high as silver. 

The physical defects might not be so damaging 
if antimony were 


used as an electroplate on 


stronger, tougher metal; however, only recently 


have methods been developed. Antimony is refined 
thio-antimonate (Na,SbS,) 
solution, but the cathode deposits are brittle and 
poorly adherent and can be easily knocked off the 
cathodes with a hammer. 


electrolytically from 


Attempts to electroplate 
antimony have generally resulted in deposits so 
brittle that they flake off by scratching or slight 
bending. 

Two new processes have recently been reported; 
one uses antimony trifluoride and is patented (No. 
2,389,131) by M. C. Bloom, while the other (reported 
in Plating, March 1950 issue, by Soderberg and 
Pinkerton) uses complex citrate baths. According 
to the last-mentioned account, the bright antimony 
deposits were brittle and highly stressed, vel were 
originally free of any cracks visible under the 
Dull 
thickness 


microscope and remain so after three years. 
and semibright deposits up to 0.001-in 


By Adolph Bregman 
Consulting Engineer 
Vew York City 
(Consulting Editor for Metal Progress) 


could usually be brought to a 


very high luster with a_ light 
buffing operation; they were also 
adherent in a bend test and 
reasonably ductile. The authors 
state that although the production 
of commercially desirable, fully 
bright antimony deposits has not 
their somewhat 


been achieved, 


less lustrous deposits would 


undoubtedly have considerable 
commercial value when buffed. 

This matter of easy buffing to a high finish 

is uniquely important 

easily under the buff. 


may be 


Antimony plate flows 
Antimony, therefore, 
plated directly on a comparatively 
rough surface and then, because of its high 
“buffability”, “colored” up to a 
high luster within much less time than would 
be required to produce an equally high finish 


polished or 


on the steel base. Consequently, a highly 
polished steel surface is not required prior 
to the deposition of antimony by the Bloom 
process — a significant element in cost savings 
In fact, a certain roughness is actually desir- 
able in the base, as will be demonstrated later 
in this article. 

Chemical Stability © One observation of 
In December 1936, 
Dr. Bloom had occasion to cast a single crystal 


importance is worth noting 


of antimony. The metal is hexagonal in 
structure and shows such perfect basal cleav- 
age that the cast specimen exhibited a mirror- 
bright cleavage surface. This surface remained 
in a chemical laboratory for four years and 
has subsequently had 10 years of normal 
indoor exposure. It remains, in microscopic 
appearance, as bright as the day it was cleaved. 
Another cleavage surface, exposed for six 
months to the urban atmosphere of Newton, 
Mass., only slightly decreased in luster. 
Electrodeposits 0.0015 in. in thickness upon 
mild steel have shown resistance to indoor 
and outdoor environments entirely analogous 
to that of these cleavage fragments. Samples 
subjected to indoor exposure for more than 
three years showed no evidence of tarnish 
Comparative outdoor exposure tests of sheets 
plated to 0.0015 in. with copper, nickel and 


chromium, on one hand, and antimony on the 
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attained when the conducting surface 
already possesses, or has had imparted 





It is not generally appreciated 


that pure antimony resists attack by 
hydrochloric and hydrofluoric acids, 
is relatively tarnish resistant, and 
easily buffed toa highly reflective sur- 
face. Successful plating techniques 
make it a substitute for the more 
critical metals, nickel and chromium. 





to it, a certain measure of roughness 
or superficial irregularity -— imparted 
either by mechanical means, such as 
sandblasting, frictional engagement 
with abrasive agents, or passage of 
the material through a roughened roll, 
or by chemical etching. Such slight 
superficial irregularity is indispensa- 
ble, yet more pronounced roughness 
the difficulty 


of attaining buffed surfaces of mirror- 


increases unnecessarily 


like finish, should they be desired 








other, have revealed that although the tarnish 
resistance of the antimony coatings is less, its 
original luster was restored by light rubbing with 
a metal polish, such as is normally used for brass. 
A combination of the corrosion resistance of 
antimony and the tarnish resistance of chromium 
has been obtained by a flash coating of chromium 
upon the buffed antimony. 

Aside from this relative stability in the atmos- 
phere, antimony has a corrosion resistance, not 
generally recognized, which is greater in many 
respects than that of any metal now commonly 
used for plating except the precious metals. 

At room temperature, antimony is 
sulphuric acid of any 


inert to 
concentration and is 
attacked by nitric acid only when concentrated. 
The metal is inert to hydrochloric acid of any 
concentration in the absence of air, but is slowly 
attacked by the strong aerated acid. In general, 
antimony is resistant to all environments wherein 
the oxide Sb.O, is sparingly soluble. This embraces 
nearly all normal industrial environments except 
fluoride, tartrate, oxalate, citrate and highly alka- 
line solutions. 


Pretreatment Before Plating 


It is a fact well known in electroplating gen- 
erally (and particularly in nickel plating) that, in 
order to attain the optimum adherence as well as 
the minimum porosity, the conducting surfaces 
upon which the coatings are to be deposited should 
be as smooth as possible. Thus, the normal pro- 
cedure in modern electroplating upon steel is to 
start with surfaces with as high a polish as can be 
economically attained. 

However, it was found by Dr. Bloom that the 
best results in the electrodeposition of ductile 
and malleable antimony procedure 
substantially the antithesis; the best results are 


followed a 
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Two methods are suggested: 

1. The smooth conducting surface 
is roughened by mechanical means, 
and then, if it is not clean, subjected to the 
customary cleaning techniques employed in 
the electroplating industry; it is then rinsed 
in water, then subjected to the usual activat- 
ing pickle to remove seale and to destroy 
passivity; then given a final rinse in water, 
whereupon, if no water breaks are observable, 
the roughened conducting surface is ready for 
the electrodeposit. 

2. The smooth conducting surface, if it is 
dirty, is subjected to the customary cleaning 
techniques, then rinsed in water, then etched 
by a suitable corrosive substance, then rinsed 
in water. It is then subjected to the usual 
activating pickle to remove scale and smut 
and to destroy passivity, given a final rinse 
in water, whereupon, if no water breaks are 
observable, the etched conducting surface is 
ready for the electrodeposit. Suggested etch- 
ant for a mild steel surface is a solution of 
nitric acid of moderate concentration; for 
copper, anodic electrolytic action in a solution 
of phosphoric acid; for aluminum, a solution 
of hydrochloric acid of moderate concentration 


Bath Compositions 


Baths containing antimony trifluoride and 
a fluoride of a monovalent base will yield 
superior results. Specifically, it was found 
that baths comprising antimony trifluoride 
SbF,), ammonium fluoride (NH,F), and 
ammonium hydroxide (NH,OH), in aqueous 
solution having a hydroxide ion concentration 
somewhat less than necessary to produce pre- 
cipitation, yield electrodeposits of antimony 
possessing the most desirable characteristics 
of ductility, malleability and adherence. If 
preferred, antimony oxide (Sb,0,) may be 
substituted for antimony trifluoride, and 





ammonium hydrogen fluoride (NH,HF,) for 
ammonium fluoride, in making up the bath. 

In previous work, some question has 
arisen regarding the development of brittle- 
ness in antimony electrodeposits on aging. 
According to Bloom, it is important to note 
that this phenomenon, which is observed 
with electrodeposits of antimony over copper, 
is due to a rather remarkable room- 
temperature diffusion which forms the brittle 
compound Cu,Sb. Deposits of antimony over 
steel a number of years old show no analogous 
tendency. Such samples more than five years 
old have been subjected to rough bending and 
impact tests with no observable difference in 
their behavior from that observed when they 
were first prepared 


Equipment and Operation 


Necessary equipment differs in but few 
respects from that required for deposition of 
bright nickel deposits. 

Power requirements for a given thickness 
of antimony are somewhat more than half of 
those for an equivalent thickness of nickel. 
With the current densities in normal use in 
electroplating tanks, a 0.001-in. coating may 
be applied in somewhat less than 30 min. 

The throwing power of the bath is not 
greatly different from that of bright nickel. 


{dvantages 


1. These antimony coatings take a high 
polish readily, producing surfaces of silver- 
like appearance with a reflectivity higher than 
that of chromium. 

2. In indoor environments, including the 
acidic atmosphere of the chemical laboratory, 
these highly polished antimony coatings remain 
bright for indefinite time. 

3. Salt spray tests indicate a resistance to 
marine environments equal, if not superior, 
to that of the best copper-nickel-chromium 
coatings of equivalent thickness. 

4. These plated coatings of antimony will 
resist the action of most industrial solutions, 
especially acids, more effectively than similar 
plates of any other of the nonprecious metals. 

5. Costs are lowered by eliminating the 
preliminary polishing of the basis metal to 
produce a high finish. 

6. One property of these deposits which 
makes them especially suitable for electrical 
and other complicated metal products is their 
easy solderability. 


Disadvantages 


1. The resistance of antimony to scratching is 
greater than that of lead, tin, zinc, cadmium, silver 
and copper, but less than that of iron, nickel and 
chromium. 

2. Although data are meager, it would appear 
that the soluble salts of antimony are sufficiently 
toxic to prevent its use in food containers. 

3. As a protective coating for steel, antimony 
(like nickel, copper, tin, lead, silver and gold) 
functions solely by virtue of its own resistance to 
corrosion, and not (like cadmium and zinc) by 
preferential corrosion. For that reason, electro- 
deposits of antimony require a high degree of 
freedom from porosity. 

4. Antimony melts at 1167° F., 
used at very high temperatures 


so it cannot be 


Uses and Applications 


Obviously, many uses of metals are affected by 
their relative abundance, especially in wartime 
Antimony is regarded as a strategic metal, being 
classed with others like manganese, tin and tung- 
sten wherein from 50 to 75% of our current needs 
are imported. Antimony remained under Govern- 
ment allocation after World War II until late in 
1947. China, formerly the principal source of cheap 
metal, has exported comparatively little for several 
years. America needs some 40,000 tons of metal 
per year; about 25,000 tons are recovered annually 
from secondaries (principally old battery plates), 
about 5000 tons of new metal come from mines 
in Idaho, and about 10,000 tons are imported from 
Mexico and Bolivia. 

However, the supply of antimony in relation 
to its necessary uses is considerably more generous 
than the supply of chromium and nickel. Conse- 
quently, antimony might well be considered for a 
corrosion resistant surface on many parts where 
more critical metals are now being used, such as 
hardware parts, domestic ware, automotive trim, 
parts in radio and radar equipment which require 
a high degree of corrosion protection and which, 
for performance reasons, must be soldered, and 
for castings, forgings and other rough metal parts 
which otherwise would require heavy grinding and 
polishing before plating. 

In addition, there are unique uses for the 
material opened by virtue of its resistance to cor- 
rosion by HCl, cold H.SO,, dilute HNO,, and a 
variety of industrial environments. Searchlights, 
floodlights and mirrors can also be made, because 
of antimony’s high reflectivity and resistance to 
tarnish in the atmosphere.  ] 


February, 1951; Page 247 





Correspondence 


Effect of Shot Peening on the 


Brittle Transition Temperature 


ScHeNECTADY, N. Y. 
In Fig. 2 of his article “Effect of Shot Peening 
on the Brittle Temperature” in the 
September 1950 Metal Progress, Nicholas Grossman 
shows an increase in transition temperature for a 


Transition 


1020 steel as a result of heating at 450° F. follow- 
ing shot peening. This increase the author attrib- 
utes to the relief of residual stresses at the notch 
Although no 
that 


reduction in residual stress could be accomplished 


surface of his specimen. time is 


given, it seems unlikely any appreciable 


at this temperature, in a steel, in any reasonable 
time. An alternative explanation of the observed 
might well be that with a 
transition temperature, has 


result strain aging, 
resultant rise in 
occurred in the cold worked layer resulting from 
shot peening. If so, the reduction in transition 
temperature achieved by shot peening is transitory 
and should disappear with time even at room tem- 
perature in steels, such as the one used, which are 
susceptible to strain aging. 
Joun R. Low, Jr. 


Knolls Atomic Power Laboratory 
Schenectady, N. Y. 


European Research on Flame Radiation 


LONDON, ENGLAND 

The radiation of flames influences greatly the 
design and efficient operation of openhearth 
furnaces and boilers in modern heavy industries. 
Comparatively little research has been carried out 
on the subject of obtaining the maximum radiation 
from a given flame, and it is interesting to hear 
that scientists of France, Holland and Great Britain, 
to be Swedish worker, are 


joined later by a 
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cooperating in an investigation of the 
factors affecting luminous flame radi- 
ation, using an experimental furnace 
in the Royal Dutch Steelworks at 
Ijmuiden, Holland. The furnace 
chamber is box-shaped, about 20 ft. 
Vertical slots 
permit 


long and 642 ft. square. 
in both radiation 


The slots 


side-walls 
measurements to be taken. 
may be closed with water-cooled 
No charge or load is in the 


The 
roof are about 10 in. 


“doors”. 


furnace. refractory walls and 
thick. 
one way only, the flame goes horizon- 
tally 


gases are drawn off through a stack 


Firing 
through the chamber, and flue 


of venturi shape. Oil flow and tem- 


perature, air flow, atomizing air or steam, 
furnace pressure, wall and roof temperatures, 
and flame radiation are carefully metered 
Work is supervised by committees set up 
three countries, each 


in the supported by 


many firms and organizations in their own 
country The respective 
France, G. M. Ribaud 


for the French gas industry); 


chairmen are: 
(director of research 
Great Britain, 
©. A. Saunders (Imperial College of Science 
and Holland, J. E. de Graaf 
head of research for the Royal Dutch Steel- 


works). 


and Technology) ; 


In general charge is M. W. Thring, 
head of the British Iron and Steel 
Association's physics department. 


Research 


Two kinds of trials are being undertaken, 
termed respectively 
tific’. 


of independent variables, such as fuel rate, 


“engineering” and “scien- 


In “engineering” trials a large number 


kind of fuel (various oils, pitch, pulverized 
coal, coke-oven gas), type of burner or port, 


excess air ratio, are allered systematically 
and a limited number of radiation, tempera- 
ture and combustion properties of the flame 
are measured for each flame setting. In 


“scientific” trials, a relatively small number 
of different flame settings are to be studied 
in great detail by means of probes so that, for 
example, the course of combustion of indi- 
vidual droplets, the mechanism of soot forma- 
tion and the emissivity and temperature of 
different parts of the flame can be elucidated 
in detail. It is felt that this more funda- 
mental approach is likely in the long run to 
lead to results at least as practical as those 
obtained by the more empirical approach of 
the engineering trials. 

A number of preliminary 
have now been made. 


experiments 
One task has been to 


choose the best (Continued past insert) 





ean. 
PERFORMANCE- Strength and toughness, 
resistance to wear, fatigue or shock to 
meet a wide range of requirements, as 
dictated by design. 


2 VERSATILITY — Ability to meet varied 
specification demands after suitable heat 
treatment. 


3 ECONOMY -resulting from standard 
compositions precisely graded to match 
the engineers’ needs. 


Experience shows that triple-alloy steels containing Nickel are solving some mighty 
big problems in many industrial fields. They have established outstanding service 
records in some of the most exacting applications. The many standard compositions 
available make it possible to select accurately, and with economy, triple-alloy steels 
to fulfill the requirements of a great variety of applications. 
We invite inquiries regarding the selection and uses of triple-alloy steels, con- 
taining Nickel. 


THE INTERNATIONAL NICKEL company, INC. 32." 
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Intereonversion of Atomic % and Weight Z 


By Robert J. Raudebaugh 
Professor of Metallurgical Engineering, Georgia Institute of Technolog 
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N A.S.M. Metals Handbook, 1948 edition, p 60% Cu by weight. For this case, R 63.54 

196 e.s., a formula is presented for intercon- 118.7) = 0.53. Curve for 0.53 is interpolated by 
version of atomic and weight © in binary sys- the dotted line upward until it meets the hori- 
tems, and tables of logarithms for various terms zontal ordinate for 60° by weight. Projecting 
in the formula, which give an accuracy of 0.01. vertically downward from this intersection the 
The above family of curves is based on the atomic % is read at 73.5. (Calculated value by 
Handbook’s formula. The values indicated on Handbook tables is 73.7 atomic © Cu.) 
the 45° bisector represent the ratio R= M = N, The insert at the upper left is an enlarged 
where M is the atomic weight of the lighter ele- plot of the extremities of the large chart, and 
ment and N is of the heavier. provides more accurate estimates in the 90 to 


Solution is indicated for a Cu-Sn alloy of 100 (or zero to 10) percentage regions. 
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MEMO TO HEAT TREATERS: 
CUT CARBURIZING TIME AND COSTS 
with AE R 0 CA R B E .W easy washing carburizing compounds 


Read What Experienced Heat Treaters Say 


“Intricate typewriter and business machine parts 
carburized with AEROCARB E & W, then oil 
quenched, are easily cleaned without using time- 
consuming washing machinery or chemicals. 
Based on the time-tested two component prin- 
ciple, AEROCARB E & W Compounds produce 
first rate results at low temperatures on parts 
where freedom from distortion is important.” 


“With an AEROCARB E & W bath, fast pene- 
tration saved valuable time in the production 
of deep cases on knitting machine cam parts. 
Maximum penetration was obtained at low 
cyanide concentration and over-all treating 
costs were reduced still further by low drag- — 
out losses.” 


+ metal with 
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ing and tempering of carbon and alloy steels. 
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For Ease, Speed and 
Adaptability in 
PHOTOMICROGRAPHY 


PHOTOMICROGRAPHIC 
EQUIPMENT MODEL L...A 
compact photomicrographic de- 
partment! With proper accesso- 
ries this one unit quickly and 
efficiently meets all your 
requirements in visual micro- 
scopy, high and low power photo- 
micrography, as well as photo- 
copying. Catalog E-210. 


“a 


For Convenience and Top Image Quality 
in MICROSCOPY 


CM METALLURGICAL MICRO. 
SCOPE—Large focusing stage, 
space for convenient manipulation. 
Used extensively for examina- 

tion of opaque objects, polished 
metal specimens and similar 
materials. Catalog E-223. Tri- 
Vert Illuminator, available at 
additional cost, provides bright 
field, dark field, or 
polarized light. 
Catalog D-108. 


STEREOSCOPIC WIDE FIELD 
MICROSCOPES—The finest op- 
tics ever produced for wide field 
work! Clear, sharp three-dimen- 
sional images . . . invaluable in 
preparation cd ager metal 
specimens. Study of fractures, 
porosity, macro-etched specimens 
and other low power 
metallurgical studies. 

Catalog D-15. 


WY Bausch & Lomb 
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visual observation and photomicrography. Catalog E-240. 
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The economy of limited capacity instruments, with bright 
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priced metallographs. Quick-action stage elevating device 
eliminates coarse adjustment. New Magna-Viewer projects 
bright, magnified screen images . . . ideal for grain size 
determinations and group viewing. Catalog E-232. 


WRITE for complete information to Bausch & Lomb 
Optical Co., 638-2 St. Paul St., Rochester 2, N. Y. 
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instruments for the engineering trials, and to 
equip the furnace to the best advantage. Sta- 
tistical methods have been used to plan the first 
series of engineering trials. It was decided to 
choose five variables (creosote pitch versus oil, 
high and low combustion air rate, high and 
low fuel rate, high and low atomizing medium 
flow rate, and air versus steam as atomizing 
medium) and to carry out 48 trials according to 
a factorial scheme. This has been the first 
attempt to apply to a large-scale furnace these 
methods of designing experiments, which were 
originally developed for agricultural trials. Most 
of these trials have now been successfully com- 
pleted and the results are expected not only to 
provide useful scientific information, but also 
to indicate the most valuable means for con- 


tinuance. Tom Bisnop 


Cyclic Annealing 


WILMINGTON, DEL. 

In the June 1950 issue of Metal Progress, 
Messrs. Adam and (“Modern Heat 
Treating”) indicate that in cyclic annealing “the 
steel is heated first to the austenitizing temper- 
ature and then quenched in another bath oper- 
ating in the range of 1100 to 1300° F. where it 
remains for the time indicated by the S-curve 
for that particular steel to complete transforma- 
tion. The austenite transforms directly to the 
desired soft structure of ferrite and pearlite. 
Then the work can be cooled in air or water as 
rapidly as possible.” 

I would like to call attention to the fact 
that despite the advantages claimed for cyclic 
annealing, the above process could lead to seri- 


Rosseau 


ous consequences if residual stresses must be 
absent in the product. Quenching from as high 
as 1300°F. can lead to high-order residual 
stresses, as has been shown many times by 
investigators in the field of stress analysis. 
Cognizance should be taken of this possibility in 
evaluating the merits of cyclic annealing. 
J. H. Favper 
Engineering Research Laboratory 
E. 1. du Pont de Nemours & Co. 


Effect of Nuclear Radiation on Metals 


READING, Pa. 

In the article by D. S. Billington and 
Sidney Siegel on “Effect of Nuclear Radiation on 
Metal” in the December 1950 Metal Progress, 
the authors attribute the increased hardness and 
resistivity noted after irradiation in beryllium- 
copper largely to lattice distortion. 

Item 4 states that the more beryllium in 
alpha solution the greater the effect of irradia- 
tion. include (a) the solution 
annealed state which contains the most beryl- 


Cases cited 


lium in alpha solid solution, (b) overaged sam- 
ples which are heated at temperatures higher 
up on the solubility curve and thus contain 
more beryllium in solution, and (c) underaged 
samples which have not precipitated as much 
beryllium as y phase as fully-aged specimens. 

On the basis of the evidence presented, 
could not these effects be also explained by 
lattice distortion? The beryllium content of a 
cold worked alpha solid solution is as high as 
that of a solution annealed sample; however, 
the expanded lattice of the former does not per- 
mit as great subsequent distortion by 
tion. 


irradia- 
At any of the normal aging temperatures, 
beryllium-copper (in time) passes through a 
complete cycle from underaged to peak hard- 
ness to overaged. During underaging the lattice 
expands with time, reaching a maximum, and 
then Therefore, 
there is room for expansion in either underaged 


contracts during overaging 


or overaged specimens exposed to nuclear radia- 
tion, the potential distortion depending on the 
degree of underaging or overaging. This effect 
is probably considerably greater than that from 
any increase in solubility temperature, 
particularly where equilibrium is not reached. 


with 


In the example given, prolonged heating at 
565° F. will probably cause overaging with a 
decrease in 


resistance, lattice size and the 


amount of beryllium in solution. Consequently, 
irradiation can again cause lattice distortion and 
an increase in resistivity, in spite of decreased 
beryllium in solution. 

A possible explanation for the anomalous 
behavior occurring in the resistance of cold 
worked material upon heating for 5 min. at 
565° F. At 565° F., the 
hardening rate is low; however, stress relief is 


may lie in stress relief. 


rapid and some of the internal stress resulting 
from cold work is relieved, thus increasing the 
potential for lattice distortion. 
J. T. Ricuanrps 
Development Engineer 
The Beryllium Corp. 
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Relation of Structure 


of Stainless Steel 


to Hot Ductility 


l HOT TWIST TEST to determine hot ductility 
was first described by the late Prof. Albert Sau- 
veur in 1929. Its application by H. K. Thrig (and 
later by C. L. Clark and J. Russ) for determining 
the optimum temperature for hot piercing and 
forging various steels has been reported in some 
detail! Since these investigators have fully 
described the apparatus and the test procedure 
in the literature citations on p. 256, they need 
not be repeated in detail here. Briefly, the test 
consists of inserting a round bar of uniform 
dimension through a tubular furnace, bringing 
the center portion in the furnace to the test 
temperature, clamping one end of the bar and 
twisting the other end. The number of twists 
necessary to fracture the hot material is deter- 
mined; sometimes torque is measured, also. 
The total turns to fracture include not only 
those resulting from twisting the specimen in 
the section at the selected test temperature, but 
those resulting from twisting in sections away 
from the hottest center section. This procedure 
therefore involves the twisting of a test specimen 
over a temperature range. As a result, the total 
number of turns may be affected by the length 
of the hottest zone in the furnace and the gen- 
eral temperature gradient existing throughout 
the specimen’s length. Despite these limitations 
the twist test has a definite value in that it pro- 
vides a quick, simple method for obtaining an 
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By F. K. Bloom 
W. C. Clarke, Jr. 
and P. A. Jennings 


Research Laboratories 
irmco Steel Corp., Baltimore 


approximate measure of the duc- 
tility (workability) of materials 
at different temperatures, although 
the numerical values obtained have 
no direct engineering application. 

The test values are greatly 
enhanced when interpreted in the 
light of the microstructure of the 
material at the test temperature 
It often appears that the temper- 
ature of optimum ductility can be 
directly related to the presence or 
absence of certain microstructural 
constituents. 

Clark and Russ in their 1945 
paper in Metals Technology have 
suggested that each steel possesses 
a critical temperature as far as its 
hot twist ductility is concerned; 
above this the ductility will decrease with 
They believe that this 
critical temperature is the equicohesive temper- 


increasing temperature. 


ature of the steel for the particular strain rate 
involved. In the present authors’ experience, at 
least with stainless steels, these maxima in the 
ductility-temperature curves seem more ration- 
ally explained by changes which occur in the 
microstructure of the alloys as the temperature 
is increased. Whereas the hypothesis advanced 
by Clark and Russ may account for one peak 
in the ductility-temperature curves, it fails to 
explain such instances as those observed by us 
wherein the first maximum is followed by a 
second increase in ductility with increasing tem- 
perature. Such reversals in ductility as will be 
described in the present paper can readily be 
explained in terms of microstructural changes 

The thought that the microstructure of steel 
may affect its hot ductility is not new. Sauveur 
drew attention to the marked changes in ductility 
occurring at the A, temperatures of the carbon 
steels tested by him. His data clearly demon- 
strate a relation between the twist values and 
thermal critical points. This concept is particu- 
larly significant when applied to stainless steels, 
because their thermal critical temperatures 
(transformations) frequently coincide with the 
temperature common to hot 


range working 


operations. 





Number of Twist Turns 


In our experiments, centerless-ground bars, 
‘; in. in diameter, were employed. 
were twisted at various levels ranging from 
1900 to 2450° F. (1040 to 1340°C.) after being 
held at temperature for 20 min. 


Samples 


The number of 
turns was recorded and the data plotted against 
test temperatures. The corresponding micro- 
structures were determined by examining sepa- 
rate samples heated to the test temperature and 
brine quenched. This method was used since 
microsections taken at the point of failure of 
twisted bars frequently showed severely torn 
metal, and usually contained so much embedded 
that interpretation of the 
extremely difficult. 

For 


scale structure was 


convenience of discussion, stainless 
steels may be divided into two broad groups: 
A. The chromium steels in which chromium 
is the principal constituent (Cr 11.5 to 27%). 
B. The chromium-nickel containing 
chromium (16 to 26%) nickel (6 to 


), as well as smaller amounts of titanium, 


steels 
both 


22% 


and 


molybdenum or other alloying elements. 
The two classes of alloys differ markedly in 
microstructural characteristics and are, there- 


fore, considered separately. 


Fig. 1 Hot Twist Ductility and Correspond- 
ing Microstructure of 124% Chromium Stainless 
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Straight Chromium Stainless 
Figures 1, 2, and 3 show the relationship 
between number of turns and twist temperature 
for low-carbon iron-chromium alloys contain- 
ing approximately 12, 15, and 26% chromium. 
Data connected with full lines represent typical 
twist values obtained for a number of heats of 
the average analysis shown on each graph. In 
each an attempt is also made to depict the results 
of microstructural examination of specimens 
rapidly quenched from corresponding tempera- 
tures. This information is plotted in dotted lines; 
the noted the 


alpha or delta phase, or 


reading to right is 


ferrite 


amount of 
both) The 


Fig. 2 Hot Twist Ductility and Correspond- 
ing Microstructure of 15'4% Chromium Stainless 
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balance of the structure is gamma, or austenite 
Representative 


these 


photomicrographs are indexed on 
curves — structures of specimens treated 
at designated temperature levels 

The nature of the structural changes in the 
chromium alloys will become clear by reference 
to Fig. 4, which shows a partial section of the 
iron-chromium-carbon diagram with the charac- 
teristic gamma loop at a level of 0.1% carbon as 
determined by Tofaute, Sponheuer and Bennek 
To this double an 
expanded gamma loop, corrected according to 
work of the authors, shifts the 
of the austenite-ferrite, and 
phase boundaries to higher chromium levels 
This is in conformity with the microstructures 
actually observed in our specimens. 


has been added in lines 


which location 


austenite, ferrite 


As a matter 
of fact, careful examination of the German data 
suggests that the boundaries of the gamma loop, 
at least at the higher temperatures, have been 
placed by Tofaute and his co-workers at chro- 
mium A double 
dotted line has also been drawn by us to show 


levels that are somewhat low 
the approximate boundary between the gamma 
plus alpha and the alpha fields for our alloy 
containing 0.10% 


carbon, 26.0% chromium, and 


Fig. 3 Hot Twist Ductility and Correspond- 
ing Microstructure of 26% Chromium Stainless 
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0.14 
content, this composition should be wholly fer- 
ritic over the temperature range from 1900 to 
2500° F. (1040 to 1370° C.). However, the nitrogen 
markedly shifts the limit of the 
loop to much higher chromium contents. 


nitrogen. Ordinarily, with a low nitrogen 


outer gamma 


For convenience in locating our data, vertical 
al contents 
corresponding to the average analyses of the 


lines have been drawn chromium 
three types of steels which we tested. 

From Fig. 1, 2, and 3 it is clear that a definite 
relationship exists between the structure of the 
alloys and their ductility as determined in the 
hot twist test. It would to 
expect that, the test increases, 
the ductility of the material should also increase 


seem reasonable 


as temperature 


In general, this is true for each of the alloys 


Fig. 5 Vicrostructure of 12.4% Chromium Stain- 


less Steel After Brine Quenching Specimens From 
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Temperature, °C 


Fig. 4 


lron-Chromium-Carbon Diagram at 


0.10% Carbon Level (According to Tofaute, 
Sponheuer and Bennek) With Shifted Borders 


of 


a Field According to Present Work 
the 
direct 

Ductility 
transformation, 
ductility 


described herein; however, 


ductility 


increase In 
of 


strongly 


is by no means a function 


increasing is 
affected 
some 
exhibited 


The hot twist values of the 12.4% 


temperature. 
structural 
definite 


by and in 


cases reversals in are 
chromium 
alloys (Fig. 1) increase slowly to a temperature 
of 2100° F 
minimum at a temperature of 2200° F 
then increase 
Fig. 4, 
alloy to be wholly austenitic up to the trans- 
formation temperature of 2100° F. (1150° C At 
this point the boundary of the gamma and the 


. (1150° C.), then decrease slightly to a 
(1240° C.) 
conformance with 


rapidly In 


microstructural examination shows this 


gamma plus alpha fields is passed and, at highes 
ferrite the 
matrix in increasing amounts (as shown by the 
dotted line in Fig. 1). 


temperatures, appears in austenite 


This sequence of structures is illustrated in 
Fig. 5, the microstructure of this alloy after 
brine quenching samples from 2000, 2200, and 
2400° F. (1090, 1205, and 1315° C.) It 


be remembered that the martensitic matrix pres- 


should 


ent in the quenched samples was originally aus- 
tenite at the test temperature. ) 

The 15.3% chromium alloy (Fig. 2) shows a 
fairly regular increase in ductility with increas- 
ing temperature. Referring to Fig. 4 it is evident 
that no phase boundaries are crossed. This type 
of alloy at all temperatures between 2000 and 
2350" F 
of the gamma loop 


field. 


structural change is 


lies between the inner and outer edges 
that is, in the gamma plus 
that 


increase 


alpha Micrographs show the only 


a gradual in the 


2000, 2200, and 2400° F. Etchant, 


picric-hydrochloric acid; magnification, 200 


Respectively. 





amount of ferrite and a corresponding decrease 
in the amount of austenite. 

The 26.0% chromium alloys have been exten- 
sively studied by H. D. Newell.4 Our alloy with 
high nitrogen content, Fig. 3, shows in a striking 
manner the effect of structural change on hot 
ductility. At a temperature of 1900° F. (1040° ¢ 
this alloy is completely ferritic. 
1900 and 1950° F. 
increases fairly rapidly. 


Between the 
the ductility 
At the latter temperature 
between 100° 
gamma plus alpha is crossed. Austenite appears 
in the structure, and the ductility 
begins to fall off 
temperature of 


temperatures of 


the phase boundary alpha and 
immediately 
rapidly to a minimum at a 
2100° F. (1150°C.), at 
which point the percentage of austenite in the 
structure is at a maximum. 


around 


Beyond this tem- 
perature the amount of austenite decreases and 
the ductility rises until at about 2480° F. (1360' 
C.) the number of turns reach the extraordinary 
value of 515 

The photomicrographs in Fig. 6 illustrate 
the structural Again the 
conform with those indicated in Fig. 5. 
quenching from 2400° F. (1315° ¢ 
a groundmass of ferrite containing platelets of 
austenite Widmanstatten-like 
right-hand micrograph of Fig. 6) 
Krivobok and 
is the result of a 
ferrite to 


changes. structures 
After 


».), it consists of 


distributed in a 
pattern (the 
Earlier 


investigators, notably 


Grossmann,’ suggested that 


partial transformation of austenite 


during quenching. This sample was believed to 
have been completely ferritic at a temperature 
of 2400° F 

In general, it is not only evident that the 
of the ferritic alloys affects their hot 
ductility but certain other 
are brought to light 


structure 
interesting features 
The data in Fig. 3, for 
instance, strongly suggests that the hot ductility 
of the two-phase structure, ferrite plus austenite, 


Fig. 6 Vicrostructure of 26.0% Chromium 


Stainless Steel After Brine Quenching Speci- 
A I 


is inferior to that of the ferrite phase alone 
This is exemplified by the sharp drop in twist 
turns at a temperature of 2000° F., and 
sharp increase at 2400°F. Further, from Fig. 1, 


the conclusions must be drawn that the first 


very 


appearance of ferrite in a wholly austenitic 
structure tends to decrease the twist ductility 
Not until the fer- 
does the ductility begin 


to rise strongly with increase in temperature 


below that of pure austenite. 
rite content exceeds 15% 


This general phenomenon again presents 
itself in a similar manner in the chromium- 
nickel stainless steels, and is discussed more at 


length in the next section 


Chromium- Nickel Steels 


Figures 7 to 10 show the relationship between 
the number of turns and twist temperature for 
four well-known commercial austenitic stainless 
18-10, 18-12-Mo, 19-12-Mo, and 18-10-Ti 
Hot twist data again represent 


steels: 
typical values 
heats of the 


analyses shown on each chart 


obtained from several average 


Each contains 
results of microstructural examination of speci 
mens which were rapidly quenched from desig 
nated temperature levels. The dotted line on the 
chart defines the phases present, cither austenite, 
delta ferrite, or both, amounts 


and the relative 


of each phase at each temperature Mevel. In 


addition, some photomicrographs of specimens 


treated at the specified temperatures are included 
in Fig. 11 and 12 
Because of the 


number of components in 


these chromium-nickel alloys, the construction 


of a constitutional diagram similar to ones pre 
sented for the chromium 


straight alloys was 


thought impracticable. However, it is well estab 
lished that, at hot 


structure of such 


working temperatures, the 


alloys should consist of aus 


Seay 


ert a y+ 


we, 


So eerr 


Sri —/ 


2100, and 2400° F. 
picric-hydrochloric acid; 


mens From 1900, Etchant. 


magnification 200 
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Fig. 7 Hot Twist Ductility of Austenitic 
18-10 Stainless Between 2000 and 2500° F. 


ry ——— 
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tenite or a mixture of austenite and delta ferrite, 


depending upon the temperature and alloy 
composition 

A study of the diagrams does show a definite 
relationship between the microstructure and 
For 
7 shows that the ductility of the 
10.5 


temperatures, 


ductility as measured by the hot twist test 
example, Fig 
184 
austenitic at all 


chromium, nickel alloy, which is 
increases at a 
uniform rate as the temperature increases from 
2000 to 2400° F. (1095 to 1315°C 
ture of this alloy, after rapidly quenching from 
2000, 2200, and 2400" F. 


the only structural change that was noted is a 


Microstruc- 


. is completely austenitic ; 


Fig. 8 


Ductility and Corresponding Microstruc- 
ture of Properly Balanced 18-12-Mo_ Stainless 
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considerable increase in grain size with increas- 
ing temperature 

The 18-12-Mo alloy diagrammed in Fig. 8, 
which contains 18.1 11.5% nickel, 
and 2.8°° molybdenum, exhibits an entirely dif- 
ferent type of temperature-ductility curve. With 
increasing temperature the ductility 
gradually from a minimum at 2000° F 
mum at 2300° F., 


increases 
to a maxi- 


around and then 


gradually 
decreases as the temperature is raised to 2450° F. 
The loss of ductility of 


this alloy at higher 
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temperatures is clearly related to the formation 
austenite 
Micrographie that 
this alloy is 100% austenitic after quenching 
from 2100 and 2300° F., and that 


of delta appear both within the grains and along 


of a two-phase structure —— namely, 


plus ferrite studies show 


small islands 


the grain boundaries after from 


2400" F 


quenching 


The effect of molybdenum additions in pro- 
moting the formation of the delta phase in 18-8 
stainless has been known for quite some time; 
it is also well known that, when present, this 
phase is harmful to the hot working character- 


hig. 9 Deficient Hot Twist Ductility in Two-Phase 
Structure of Improperly Balanced 19-12-Mo Stainless 
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istics. Propensity for formation of this phase 


can be suppressed by keeping the ferrite-promot- 


ing elements (such as chromium and silicon) as 


low as possible, and the austenite-promoting 


elements (such as carbon, manganese and nickel 


as high as possible. Considerable industrial 


effort has been devoted to the problem of estab- 


lishing the proper quantities or “balance” of 


elements bearing in mind, of course, their 


effect not only on hot working characteristics, 
but also on the mechanical properties and the 
resistance to corrosion in various media 


Newell and Fleischmann,® for example, pro- 


Fig. 10 —— Hot Twist Ductility of 18-10-Ti 
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Fig. 11 
lybdenum Stainless Steel 
2300, and 2400° F. 


posed a method of balancing the composition of 
molybdenum-bearing stainless steels to secure 
satisfactory results for the hot piercing of seam- 
less tubes. The American Iron and Steel Insti- 
tute’s chemical composition limits for standard 
stainless steels 


recognize the desirability for 


composition balance in regard to hot work- 
ability by permitting higher manganese and par- 
ticularly higher nickel contents in the chromium- 
nickel alloys containing the ferrite-promoting 
elements such as molybdenum, silicon, titanium 
and columbium 

rhe unfavorable effect of a two-phase struc- 
ture is markedly evident in the highly 


anced alloy containing 19.1¢ 


unbal- 
chromium, 11.9° 
nickel, with 2.7° This 
in ductility 
Figure 11 
austenite plus delta ferrite 


molybdenum (Fig. 9). 
material shows a steady decrease 
throughout the range 2000 to 2400° F 


depicts the structure 


hig. 12 
tanium 
2200, and 2400° F. 


Vicrostructure of 17.6° 


Stainless Steel After 


- = °*-oo'> - —— 


Vicrostructure of 19.1% Chromium, 11.9% 


>» Chromium, 9.4% 


Nickel, 2.7% Mo- 


ifter Brine Quenching Specimens From 2100, 


Etchant, mixed acids in glycerin; magnification, 200 


of this alloy after quenching samples from 2100, 
2300, and 2400° F. (1150, 1260, and 1315" ¢ 

The alloy containing 17.6 
nickel, and 0.64° 


chromium, 94° 

titanium (Fig. 10) has been 
included as further evidence of the relationship 
between structural change and hot ductility of 
the austenitic alloys. Because of the titanium 
in this alloy, it contains a small amount of delta 
10 and 12 

the amount of this phase begins to 


ferrite even as low as 2000° F. (Fig 
At 2200° F 


increase rapidly and the twist values fall off 


correspondingly Speranski,©” who made an 


extensive study of the hot piercing characteris- 
stainless steels with 


tics of chromium-nickel 


various quantities of titanium, recommended 


that the chromium and nickel be carefully bal 
anced and the titanium and silicon contents be 
held below certain definite limits to restrict the 


formation of delta ferrite 


Nickel, 0.64 / li- 


Brine Quenching Specimens From 2000, 


Etchant, mixed acids in glycerin: magnification, 200 x 
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Conclusions and Discussion 


The ductility of plain chromium as well as 
chromium-nickel stainless steels at hot working 
temperatures, as measured by the hot twist test, 
is markedly affected by their structure at these 
temperatures. 

Austenite and ferrite, when present together, 
appear to cause poorer ductility than when the 
predominant phase for a given alloy composition 
is present by itself. Thus, when the critical 
temperature of an alloy is passed, the ductility 
changes sharply, becoming poorer if it passes 
into a two-phase region and superior if into a 
single-phase region. 

In the plain chromium stainless steels, fer- 
rite appears to be more ductile at a given tem- 
perature than austenite. 

In chromium-nickel steels the appearance of 
delta ferrite in the structure is harmful to hot 
ductility. This effect may be conquered or sub- 
stantially suppressed by suitable balance between 
ferrite and austenite-promoting elements in the 
steel’s chemistry 
Comparing the hot twist ductility of 
18-12-Mo at 

both alloys are completely 
and 8), the 
turns is considerably lower for the molybdenum- 
This is to be 


18-10 
2300° F., 
austenitic 


and temperatures up to 
wherein 
(Fig. 7 twist 


curve for number of 


bearing alloy. expected, since 
molybdenum is a strengthening element and hot 
ductility is usually inversely proportional to the 
strength or 


quite 


hardness; likewise, molybdenum is 


useful in a wide variety of steels to 


strength at high temperature 
Note, however, that this disparity in hot ductility 


increase creep 
is much greater when the second phase appears 
in the 18-12-Mo. 

The apparently anomalous effect of extremely 
high hot ductility (number of turns in twist test 
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in a purely ferritic structure, such as the 26 
chromium alloy has at 2450° F. (Fig. 3), 
a small amount of the same phase 
still quite ductile — embedded in a ductile aus- 
tenitic matrix results in a much lower number of 
A ten- 


while 
presumably 


turns in a twist test (Fig. 1), is puzzling 
tative explanation is as follows: 

At elevated 
structures are much weaker than purely austen- 


temperatures, purely  ferritic 
itic alloys. 
1200° F., 
exclusively in applications where high tensile, 
Where 
other structural effects such as the presence of 


Thus, at temperatures above 1000 to 


austenitic materials are used almost 


creep or rupture strength is required 
precipitates do not enter the picture, ductility 


will normally vary inversely in 
that ferritic 


structures will be much softer and, conversely, 


proportion to 


strength. It seems likely purely 
more ductile at corresponding high temperatures 
than purely austenitic structures. It is, no doubt, 
reason that at 2300° F. the wholly fer- 


ritic structure of Type 446 (26% Cr 


for this 
exhibits 
much more ductility than the wholly austenitic 
18-10 
alters this relationship is the pronounced effect 


structure of The factor which markedly 


which transformation, resulting in two-phase 


structures, has on ductility. It was this effect 


which we bring out in this paper 
ferrite and 


In the temperature range where 


austenite coexist in 26° chromium alloys we 
See Fig. 3 
begins to appear in 


austenitic alloys such as 18Cr-12Ni-3Mo we also 


found a distinct drop in ductility 
Similarly, as soon as ferrit 


found a definite loss in ductility, as shown in 
Fig. 8 
a ferritic alloy (Cor, 
of ferrite 


Just why a small amount of austenite in 
conversely, a small amount 


in an austenitic alloy) has such an 


effect on hot ductility has not been explained 
It is generally true, however, in metals 
that two-phase structures are not as ductile as 


the pure phases themselves Ss 
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In these times of scarcities 

it is more than ever important to remember 

that two or more heads are better than one. 

Your suppliers, for example, know a great deal 

about their materials, how to select, specify and fabricate them. 
No matter what you buy, it will pay you 

to draw upon this knowledge. 


It may be able to make scarce materials go further, 
reduce costs, perhaps even speed up production. 
AND of course for close and confidential collaboration 
on copper and its alloys, and aluminum alloys, 
CONSULT REVERE! 


9 
yfA® On 
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COPPER AND BRASS INCORPORATED 
Founded by Ppul Revere in 1801 
230 Park Avenut, New York 17, N. Y. 


Mills Baltimore, Md.; Chicago and Clinton, L/L; Detroit, Mich; Los Angeles 
and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. — 
Sales Offices in Principal Cities, Distributors Fverywhere 


SEE “MEET THE PRESS” ON NBC TELEVISION EVERY SUNDAY 
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Personal Mention 


Hyman Bornstein 


. D. Wiman, president of Deere 
& Co., a leading producer of farm 
machinery, has announced that 
Hyman Bornstein ©. 1920 


director of Deere’s research labora- 


since 
tories and materials engineering 
would become Chief 
rechnical Consultant, “to deal with 
problems in 


department, 


tomorrow 
rather than the urgencies of to 


terms of 


Hy Bornstein is most widely 
known for his work in the field 
of high-grade cast iron, as well as 
in the development of  high- 
strength, wear resistant and alloy 


cast irons. 


day”. 


rhe past 30 years has 
been the period when power farm- 
ing has become widespread, with 
steady improvements in tractors 
and implements. Despite the duties 
of his position he has headed the 
technical committees on cast iron 
of the American 
Society (of one- 
time president), and the American 
Society for Testing Materials. He 
has been active in the Moline 
Chapter @ since its organization, 
and has served as Trustee of the 
National Society. In 1946 he re 


Foundrymen’s 
which he was 
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ceived the McFadden Gold Medal 
of the American Foundrymen’s 
Society, and in 1948 the @’s Distin 
guished Service Award for meri 
torious contributions to progress 


in alloy steels. 


Francis T. McGuire 


Succeeding H. 


Sornstein as 
materials engineering 
department of Deere & Co., Moline, 
lil., is Francis T. McGuire @ 
McGuire received his advanced de- 
metallurgy from Notre 
Dame in 1941 and for the next 
two vears taught at the University 
of Kentucky at the 
Supervising a 


xree in 


time 
governmental = re- 
search into the properties of alloy 
steels at low temperature. From 
1943 to 1945 he directed the labora 
tory of Republic Steel Co.’s plant 
in South then rapidly 
expanding into an electric furnace 


Same 


Chicago, 


producer of gun steel ingots. From 
1945 to 1949 he was foundry man- 
ager of Sibley Machine & Foundry 
Co., South Bend, Ind., leaving there 
a vear ago to join Deere & Co.'s re 


search laboratories. 


Hiland Garfield Batcheller 


The highest distinction which 
bestowed upon a civilian 
for war service was awarded by 
President Truman to Hiland Bat 


cheller for his notable services as 


can be 


vice-chairman and chief of opera- 
tions of the War Production Board 
from 1943 until 1945 
was carried on in addition to his 
regular duties as president of the 
Allegheny Ludlum Steel 
while the company was rapidly 
expanding its production of war 


This service 


Corp 


materials and conducting research 
effort \ 
few years later, Hiland Batcheller 


necessary to the war 


an internationally known indus 
trialist and advisor in world affairs 
was awarded the @ Distinguished 
Service Awaml “for supporting a 
lengthy program of 


of electrical 


development 
sheets of improved 
properties” Since the 
Batcheller has been a 
President's Non 
Partisan Committee on 
Aid. 

Hiland Batcheller was born in 
Brooklyn in 1885 He entered the 
sales department of Carnegie Steel 
Co. in 1909, shortly after 
Weslevan University 

Conn, He left in 


become 


magnet 
war, Mr 
member of the 
European 


gradua 
tion from 

Middletown, 
1915 to 
president of Ludlum Steel Co., was 
promoted to vice-president in 1918 
and to president in 1930 
ing the 

Co. with 


assistant to the 


Follow 
merger of Ludlum Steel 
Allegheny Steel Co. in 
1938, he became president of the 
new Allegheny Ludlum Steel Corp 
and recently has become chairman 
of its board of directors 
rhe great scope of Hiland Bat 
cheller’s activities can be visual 
ized by the number of organiza 
tions upon whose directorates he 
include the Arnold 
Wallingford 


American [ron 


serves Phese 
Engineering Co., the 


Steel Co., and the 





and Steel Institute; he 
of the Committee for Economic 
Development, Rennsselaer Poly- 
technic Institute, and his alma 
mater, Wesleyan University. 


S a trustee 


P. E. Page ©, has been trans- 
ferred by the Navy from duties as 
inspection administration officer 
at the Office of Supervising Inspec- 
tor of Naval Material, Pittsburgh, 
to have charge of inspection of 


naval material at Buffalo. 


Charles R. Baker ©, has ac- 
cepted a position as chief metal- 
lurgist for the Owens-Illinois Glass 
Co., Toledo, Ohio, in the general 
research and new 
department 


development 


W. F. Chubb @, has taken over 
the Foundation Chair of Metal- 
lurgy at King Fouad Ist Univer- 
sity, Giza, Cairo, Egypt, and will 
act as consulting metallurgist to 
the Ministry of War and Marine. 


jausch & Lomb Optical Co., 
Rochester, N. Y., announces that 
Howard S. Coleman ©, formerly 
head of the optical research lab- 
oratories at the University of 
lexas, has become director of the 
company’s Scientific Bureau 

John H. Gambill, Jr. @, is now 
working as research technologist 
at the research laboratory of the 
U. S. Steel Co., Pittsburgh. 


Zay Jeffries &, former vice-presi- 
dent of the General Electric Co., 
has recently been elected to the 
board of directors of the Cleveland 
Electric Hluminating Co 


Garry C. Neur &, is now organ 
izing the Battle Creek Metal Prod- 
ucts Co. and is tooling the shop 
to fabricate metal equipment for 
the Atomic Energy Program. 

David W. McDowell, Jr. @, has 
been recalled to active duty with 
the Naval Reserve and is acting 
as assistant to the terminal ballis- 
tics officer at the U. S. Naval Prov- 
ing Grounds, Dahlgren, Va. He 
was formerly associated with 
ritanium Allovs Manufacturing Co., 
Niagara Falls, N. Y., and the Uni- 
versity of Buffalo. 


T. N. DeVries @ recently took 
a position in the ferrous metallur- 
gical department of Chrysler Engi 
neering in Highland Park, Mich 


Eugene S. Machlin @, has com 
pleted requirements for his Se.D 
degree and, joined the staff at Mas 
sachusetts Institute of Technology 
as an assistant professor in the de 
ment of metallurgy. 


After having completed gradu 
ate work at Carnegie Institute of 
rechnology, Arthur J. Opinsky © 
accepted a position as experimen 
tal metallurgist in the metallurgy 
department of the Research Lab- 
oratories Div. of General Motors, 
Detroit, Mich 


Since his graduation from the 
University of Michigan, Robert C. 
Behnke ©. has been metallurgist 


with the Muskegon Motor Special- 
Jackson, Mich. 


ties C.o., 


Thomas M. Logan ©, has been 
recalled to active duty as com 
manding officer of the 403rd Engi- 
neer Base Depot, Ft 
Wood, Mo 


Leonard 


Ernest G. Kendall @, is now 
process metallurgist at the Tita 
nium Div. of the National Lead 
Co., Boulder City, Nev 


Bert R. Lanker @, is now em 
ployed by the Bingham-Herbrand 
Corp. as chief metallurgist to es 
tablish a chemical and metallurgi 
cal laboratory at the Herbrand 
Div., Fremont, Ohio 








FOR EXTRA METAL PROTECTION 
AND EXTRA PAINT DURABILITY 
... USE ACP RUST PROOFING 
CHEMICALS AND PROCESSES. 


For over 1/3 of a century, ACP has pioneered 
in the development, manufacture, sale and servicing 
of protective metal-working chemicals. These chem- 
icals preserve the metal and the paint finish of both 
industrial and military products. Write or call for 
information about ACP Rust Proofing Chemicals and 
Processes and how they can improve your own 
products and production quality. 

ACP Chemicals Meet Government Specifications 


Pioneeridgy Reauach Sed Developasast Mibce 1914 


AMERICAN CHEMICAL PAINT COMPANY 
AMBLER, PA. 


Manvlacturers of METALLURGICAL, AGRICULTURAL and PHARMACEUTICAL CHEMICALS 
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Personals 


William G. Weber ©. is em- 
ployed as an assistant physical 
testing engineer with the Materials 
and Research Dept., Division of 
Highways of the State of California. 


Arthur A. Coward, Jr. @, has re- 
cently been named relief super- 
visor in the metallurgical depart- 
ment of the National Tube Co., 
Lorain Works, Lorain, Ohio. 


Robert D. Kesler ©. left Battelle 
Memorial Institute in October 1950 
where he was employed as _ re- 
search engineer to accept employ- 
ment with Kaiser Steel Corp., Fon- 
tana, Calif., as industrial engineer. 


L. P. Bokanyi ©, formerly tool 
design manager at the wheel and 
brake division of Goodyear Air 
craft, and recently owner of a man- 
ufacturers representative firm in 
Cuvahoga Falls, Ohio, is now a dis- 
trict representative of the Baker 
Industrial Truck Div. of Baker 
Raulang Co., Cleveland, Ohio 





“MARVEL” us 


always had the edge 


MARVEL High-Speed-Edge Blades assure Faster, 
more Accurate cutting with proven Economy and 


complete Safety. 


Only the MARVEL is a com- 


posite blade with a high speed steel cutting edge 
electrically welded to an exceptionally tough, 


strong alloy steel body. 


The High-Speed-Edge does the cutting while the 


alloy back with hardened eyes carries the load 


1. High Speed Steel 
cutting edge 


Blade tensions up to 300% higher than those pos- 
P Zo hig P 


sible with ordinary blades are recommended 


2. Towgh unbreakable 


This greater tension is confined to the cutting or alloy steel body with 


leading edge by the location of pin holes (exclu- 


hardened eyes 


sive MARVEL design feature) and cannot be over- 


come by work resistance. 


Heavier feeds and 


& 2. Integrally welded 
to make « fast-cut- 


greater speeds are practical without “run out ting, long lasting com- 


With greater accuracy, higher production and 


posite blade that is 
positively unbreakable 


lower cost per cut comes the extra dividend of 
Safety, for MARVEL High-Speed-Edge Hack Saw 


Blades are Positively Unbreakable—they 


not shatter 


will 


Ask your local MARVEL distributor (see classi- 
fied phone book) to help you modernize your 
metal sawing with MARVEL High-Speed-Edge 
Blades. They cost no more than ordinary blades 


ARMSTRONG-BLUM MFG. COMPANY 
“The Hack Saw People” 
5700 BLOOMINGDALE AVENUE ¢« CHICAGO 39, ILLINOIS 
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A. R. 
promoted 


MacVittie @. hus been 
from senior teclinical 
assistant to assistant to the super- 
intendent, Electro Metallurgical 
Div., Union Carbide & Carbon 
Corp., Alloy W. Va. Works. 


William A. Vensel &, who, until 
early in 1950 owned and managed 
the Southworth Co. in Los Ange- 
les, Calif., is now operating the 
Wm. A. Vensel Co. at 1423 So 
Broadway, Los Angeles, Calif. 


Bernard Anscher ©, formerly 
chief of fabrication and metallur- 
gical development at the Atomic 
Energy Commission’s New York 
operations office, has joined Hydro- 
press, Inc., New York, N. Y., as 
engineer on special projects and 
sale of hydraulic metalworking 
machinery. 


W. W. Rueckert @, has returned 
to the design of presses and other 
heavy machinery with the E. W 
Bliss Co., Canton, Ohio, a com- 
pany for which he worked previ 
ous to 1931. 


Art H. Allen @, has transferred 
back to Cleveland as 
editor on special editorial projects 
for Penton publications, from the 
Detroit office where he was editor 
of Steel and other publications 


associate 


H. Raymond McCoy ©. chief 
metallurgist of Ohio Steel Found 
ries, Lima, Ohio, for the past 10 
vears, has returned to American 
Steel Foundries with whom he was 
associated for 25 years in various 
capacities. His new position will 
be at their new cast armor plant 
in East Chicago, Ill 


Morris E. Nicholson ©, has left 
Standard Oil Co. (Ind.) to join 
the Institute for the Study of Metals 
at the University of Chicago, as a 


research associate 


James V. Leninger ©, formerly 
in the general sales office of the 
Babeock & Wilcox Tube Co., is 
now employed in the Cincinnati 
office of Miller & Co. of Chicago 


as service and sales engineer 


William S. Morrison, Jr. @, has 
accepted a teaching fellowship at 
the South Dakota School of Mines 
and Technology from which he 
graduated in June 1950, and is 
doing graduate work toward an 
M.S. degree. 


Formerly with the Chas. ¢ 
Kawin Co., Chicago, Elmer J. Car- 
mody @. is now manager of Engi 
neering Foundry, Inc He is also 


functioning as technical advisor 





Solved with Jal Cold-Finished 


JALCASE10 [jIi; 


HIGH MECHANICAL AND 
MACHINABILITY PROPERTIES 
SAVE TIME AND MONEY... 
... PRODUCE BETTER PARTS 


Tough Machining Problems J R 





GET THIS BOOKLET 


FREE 


You'll want more infor- 
mation about Jalcase 10 
, ye PF Oo Di P 
Maybe you haven't gotten the word = PEA A, A. _— 
yet, but more and more machinists _, booklet entitled “You Can 
” - Make Them Better with 
are discovering Jal ase 1O(A.LS.1 J aA L Cold - finished Jal- 
No. C-1144), the top grade of J&L case’ contains informa- 
. a a . tion and technical data to 
Cold-finished Jalcase. And they're help you produce better 
getting good results, too! Here’s why eo H parts. This illustrated 
mee booklet is yours for the 
asking. Write today! 

Jalcase 10 is the highest carbon 


grade of Jalcase; it has high me- eceeeeeeeees 


chanical and machinability proper- 


ties. 7 his makes Jalcase 10 ideal for 


those tough “in between” machin- MAIL THIS 
ing applications. For instance: COUPON 


use Jalcase 10 and dispense with the 
Many times the finished-parts heat-treating altogether. Jones & Laughlin Steel Corporation 


spec tiheations on a job call for a 405 Jones & Laughlin Building 
; T Pittsburgh 30, Pennsylvania 
high degree of hardness, but not as [his saves production time and 
Please send me a free copy of 
high as that obtained through heat- cuts down on costs. And _ Jalcase “You Can Make TI Ms ' 
’ : ou Can ake vem Better with 
treating the hnished part. In these 10’s high quality produces a better Sad, Cold-Finished lalcanc 
applic ations, manufacturers and ma- finish. It s worth your while to try 


chinists have found it profitable to Jalcase 10 on your screw machines. 


JONES & LAUGHLIN STEEL CORPORATION 


From its own raw materials, PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED 
J&L manufacture: 4 /xll line of BARS AND SHAPES + STRUCTURAL SHAPES + HOT AND COLD 
certain products in oriscovoy ROLLED STRIP AND SHEETS + TUBULAR, WIRE AND TIN MILL 


and ja..oy (Ai-sensile steels). PRODUCTS + ‘*PRECISIONBILT’’ WIRE ROPE » COAL CHEMICALS eeee00000008080 


February, 1951: Page 261 





HEM 9 


STEP UP PRODUCTION 


WITH A 


Mon is an all-purpose furnace Multi-Range 


with a wide range of temperatures 


and high degree of uniformity. 

These furnaces are equipped with sto) 4 T ¥ PE 
powerful centrifugal type alloy 2 

fans designed to operate through- Convection 


out all working temperatures. 

Hevi Duty Multi-Range furnaces FURNACE 
are especially suitable for draw- 

ing, tempering, and annealing of 


non-ferrous metals, aluminum For OF thiel aii} 


brazing, annealing cast iron, nor- 


malizing and hardening of steels Temperatures 
either with or without a protective 


atmosphere. 400° F. to 1850° F. 


Write for bulletin HD 341 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIeBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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Personals 


Precision Scientific Co., Chica 
zo, IIL, announces that Erwin Stef- 
fens © recently joined the 
company as head of the metallur 
gical department. Formerly he was 
associated with R. W. Hunt Co 
where he was metallurgist in ex 
ecutive charge of engineering work 


Herbert Lipson @, formerly em 
ploved with Sylvania Electric 
Products Ine., is now employed as 
a physicist with the Brookhaven 
Physics Department. 


The Midvale Co. of Philadel 
phia announces the appointment of 
John A. Petroskas ©, as chief 
metallurgist. He was formerly a 
staff metallurgist at Electric Stor- 
age Battery Co. 


Harold B. Wishart © was 
recently appointed chief metal- 
lurgist at the Gary Steel Works, 
Carnegie-Ilinois Steel Corp., Chica 
go, UL 


Francis C. Frary @, director of 
Aleoa Aluminum Co.’s aluminum 
research laboratories, was honored 
by the University of Minnesota re 
cently when the school presented 
him its Outstanding Medal of 
Achievement. 


Richard A. Schaus @, has been 
moved to San Francisco as metal 
lurgical engineer for alloy, stain 
less and tubular products for 
Columbia Steel. He was formerly 
senior service metallurgist for the 
Southern Div. 


Gilbert Packer ©. formerly 
abrasives engineer with the Coated 
Abrasives Div. of Armour & Co., 
is now production engineer with 
Davis & Geck, Inc., Brooklyn, N. 


Norman F. Tisdale ©, chief 
engineer of the Molybdenum Corp., 
Pittsburgh, Pa., was recently ap- 
pointed chairman of the newly 
formed advisory council for engi 
neering in the Faculty of Applied 
Science at Queen’s University 
Kingston, Ontario 


John F. Tyrrell &, formerly re- 
search metallurgist, Solar Aircraft 
Co., has joined the business staff 
of the American Society for Metals 
Mr. Tyrrell will be located in the 
Society's New York office 


Howard B. Johnson ©, is now 
working as sales engineer for the 
Atlas Steel Casting Co., Buffalo. 
N. Y. in the New York, New Jersey 
and New England areas 





no more GAMBLING on 
tool steel selection 


[V3 actual size; Selector is in 3 colors) 


Here's how it works: 
To use the Selector, all you need know is the 
characteristics that come with the job: type and 
condition of material to be worked, the number 
of pieces to be produced, the method of working, 
and the condition of the equipment to be used. 
FOUR STEPS—and you've got the right answer! 
1. Move arrow to major class covering appli- 
cation 
Select sub-group which best fits applica- 
tion 
Note major tool characteristics (under ar- 
row) and other characteristics in cut-outs 
for each grade in sub-group 
4. Select tool steel indicated 


That's all there is to it! 
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Here's an example: 

Application—Deep 
drawing die for steel 

Major Class — Metal 
Forming—Cold 

Sub-Group — Special 
Purpose 

Tool Characteristics — 
Wear Resistance 

Tool Steel—Airdi 150 

One turn of the dial 

does it! 


And you're sure you're 
righti! 


Since the first announcement, hundreds of tool steel 


users have received their CRUCIBLE TOOL STEEL SI 

Lectors. The comments received indicate that this 

handy method of picking the right tool steel right 

jrom the start is going over big. 

“Handiest selector I’ve ever seen” 

“No more gambling on tool steel selection” 

“You're right, the application should dictate 

the choice oj the tool steel” ... and many, many more 


favorable comments. 


You'll want your CRUCIBLE TOOL STEEL SELECTOR. It 
uses the only logical method of tool steel selection 
begin with the application to pick the right steel! And 
the answer you get with one turn of the Selector dial 
will prove satisfactory in every case, for the CRUCIBLE 
TOOL STEEL SELECTOR covers 22 tool steels which fit 
98°. of all Tool Steel applications. ALL the tool steels 
on the Selector are in Warehouse Stock . . . that means 
when you get the answer, you can get the steel .. . fast! 
Write for your Selector today! We want you to have 
it, because we know you've never seen anything that 
approaches your tool steel problems so simply and 
logically. Just fill out the coupon and mail. Act now! 
CRUCIBLE STEEL COMPANY OF 
Building, New York 17, N. Y. 


america, Chrysler 


Crucible Steel Compony of America 
Dept. MP, Chrysler Building 
New York 17, N. Y 


Gentlemen: 


Sure! | want my CRUCIBLE TOOL STEEL SELECTOR! 
Name Title 
Company 


Street 


TOOL STEELS 


Hine sleelmaking 


Branch Offices and Warehouses: ATLANTA * BALTIMORE * BOSTON * BUFFALO * CHARLOTTE * CHICAGO * CINCINNATI * CLEVELAND * DENVER * DETROIT 
HOUSTON, TEXAS * INDIANAPOLIS * LOS ANGELES + MILWAUKEE * NEWARK * NEW HAVEN * NEW YORK © PHILADELPHIA * PITTSBURGH * PROVIDENCE 
ROCKFORD * SAN FRANCISCO * SEATTLE * SPRINGFIELD, MASS. * ST. LOUIS * SYRACUSE * TORONTO, ONT. * WASHINGTON, D. C 
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White Rust on Zine” 


(THREE important losses due to 

“white rusting” of galvanized 
parts (formation of basic zine car- 
bonate) were investigated by the 
British Nonferrous Metals Research 


ree Assoc. in recent years, and Messrs. 


’ Gilbert and Hadden attempted to fix 
Here $s the Way the causes and contributory factors 
in a series of well-planned experi- 
to fest them! ments on commercial zinc coatings 
Brand new contract? Change in plans? wae eager pooner . 
Whatever it may be, if “ROCKWELL” re Stagnant liquid water (usually 
° one . condensate from humid atmospheres) 

hardness is specified—the quickest, : 2 : 
: is a necessity for white rusting. 
easiest, absolutely accurate test for it tian st chun of duh ae. ol 

is with a Wilson “‘ROCKWELL”’ Hard- 


tight coils of wire are therefore only 
ness Tester. slightly tarnished even though the 


The ““SROCKWELL’”’ HARDNESS TESTER f , y exteriors are badly corroded. Of the 
brings dependable accuracy to your ‘ various contaminants in industrial 
application It is extremely well made | atmospheres, SO, and HCI accelerate 
7 . - | the corrosion materially. Acid va- 
a J “ pg Bye Renesas cry = pors given off from electrical insu- 
peringpsemr help can handle sno r = lation tapes are also accelerators. 


‘ As to conditions associated with 
hardness testing. 


the metal itself, surface roughness 
WILSON FIELD SERVICE ENGINEERS has little effect. The natural zinc 
will study your hardness testing prob- “ - 

l dr d th om. ROCKWELL tion; the first-formed film is as effi- 
em and recommend the exact equip 

ment it requires Assure yourself of the HARDNESS TESTER cient as the thicker one on aged 
best — SPECIFY WiLson EQUIPMENT— Made Only by Wilson articles. Electroplated articles rust 


. more copiously than hot-d “dl, 
the universal standard of hardness pene D ag et a ee 

P possibly because the latter have a 
testing. 





oxide film is a considerable protec- 





more impervious oxide film 


Composition of the commercial 

» Superficial coatings is responsible for the fol 
HARDNESS TESTER — especially suited for test - See ane te aan hee ae 
ing thin material, nitrided or lightly car- poeta Pure ens “anne so pot 
burized steel and areas too small for regular oe pp gy 7 ped =? 
“ROCKWELL” Hardness Tests. Depth of in- = alae Sapriattiorccn?): ec 
dentation .005” or less. Satisfactory for 0.021 oz. per sq-ft.; reget ial zine 
general testing where surfaces are smooth with no lead added: 0.023 oz. per 


ind materials homogeneous sq.ft.; same with 0.05% aluminum 
‘ é als , 2 e 
a added: 0.007 oz. per sq.ft. The above 


are for well-cleaned coatings; resi- 
TUKON —for micro-indentationhard-_, Ny dues of flux are bad accelerators. 
ness testing with either Knoop ° It is known that strongly acidi- 
or 136° Diamond Pyramid Indenter. Made fied sodium dichromate solution will 
in 3 models to cover the full range of protect zinc as well as aluminum 
Micro and Macro Hardness testing with . and magnesium. However, the 
loads from 1 to 50,000 grams. treatment is rather expensive. The 
investigators found that if the hot- 
- — dipped articles were immediately 
ACCESSORIES quenched for at least 30 sec. in un- 
“BRALE” is the only diamond indenter made to Wilson's acsaited 067% dichromate solution 
precision standards. ¢ TEST BLOCKS—enable you to keep with no wetting agent (the solution 
your instrument ‘‘Laboratory” accurate. ¢ EQUITRON— being at room temperature), a sur- 
fixture provides means for accurately positioning test samples. ¢ face film was created that was four 
ADAPTER-— permits testing inner cylindrical surfaces with unim- times as effective as the one remain- 
paired accuracy. © WORK SUPPORTS—facilitate testing of vari- ing if the galvanized article were 
ously shaped rod stock, tubing or irregular shapes. quenched in cold water — the crite- 
rion being weight loss under the 


FOR DETAILED INFORMATION WRITE standardized test (Cont. on p. 266) 


agco 


WI LSON * Abstract of “W hite Rust Forma 
MECHANICAL INSTRUMENT CO., INC. tion on Zine . by P. T. Gilbert and 


: S. E. Hadden, Journal of the Insti- 
AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. ) tute of Metals, September 1950, p. 47 


230-F PARK AVENUE, NEW YORK 17,N. Y. ay (Paper No. 1269). 
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Where light is too coarse... 


The detail needed in electron micrography demands a fine- 
grain emulsion on glass—with enough sensitivity to permit 
exposure time less than $ seconds. The best all-around material 
for this purpose is the Kodak Lantern Slide Plate, Medium. For 
occasional work requiring slightly higher contrast, there is the 
Kodak Lantern Slide Piate, Contrast. Both come in the standard 
electron microscope sizes, 2" x 2" and 2" x 10", available at 
your Kodak dealer. And for information on equipment for 
replica preparation and shadow-casting of specimens for elec- 
tron micrography, write Eastman Kodak Company, Industrial 
Photographic Division, Rochester 4, N. Y. 


ELECTRON MICROGRAPHY 
++-an important function of photography 


Electron micrograph of xine oxide 
smoke particle shadewed with 
chromivm (X49,000). Courtesy Ar- 
gonne National Laboratory. 


Kodak 


4 
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White Rust on Zine 


(Continued from p, 264) conditions 
for producing white rust. Carryover 
of flux does not harm this quench- 
ing solution. If the slight vellowish 
stain caused by the dilute dichro- 
mate is objectionable, it can be pre- 
vented by immediate rinsing, with 
no damage to the protective action. 
Care must also be taken to prevent 
mechanical damage to the chromate 
films (particularly before they are 
dry) and they should not be heated 
above about 70° C. if optimum pro- 
tection is to be obtained. 

The authors’ words on storage of 
galvanized articles may be quoted 

“The conditions which will lead 
to condensation of appreciable 
amounts of water on zine surfaces 
involve (a/ a humid atmosphere, 
and (b) cooling of the metal surface 
below the temperature of the sur- 
rounding air. For instance, if a 
large mass of metal is stored in an 
unheated building, the temperature 
of the metal can fall considerably 
during the night. If, next morning, 
warm air of high humidity comes 
into contact with the metal, much 
condensation will occur. This is 
observed when on misty or foggy 
mornings condensation appears on 
metal stored in buildings partly 
open to the outside atmosphere. I 
metal is stored in a room which is 
not affected by outside humidity 
changes, there is much less chance 
of condensation on the metal. If a 
room containing warm air is cooled 
by conduction through the walls 
there is likely to be much more 
condensation on the walls than on 
the metal inside the room. In such 
circumstances it is, however, pos- 
sible for condensed water to run 
from the ceiling or the walls onto 
the stored metal, and so produce 
white rust.” 


Heat Treatment in 
Wartime Germany* 


N the treatment of forgings, con- 
siderable emphasis was placed 
on thorough annealing. For all 
larger forgings, carbon or alloy, the 
ingots were brought (To p. 268) 


*Abstract from “The Ferrous 
Metal Industry in Germany During 
the Period 1939-1945", by George 
Patchin and Ernest Brewin, Over-all 
Report No. 15 of the British Intelli- 
gence Objectives Subcommittee, ob- 
tainable from British Information 
Services, 30 Rockefeller Plaza, New 
York City 20. ($1.15.) 





Another of the Jobs* that Stainless Steel does BEST 


@eeeeverereereeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


ERE’S an old friend with a handsome new 

face—and definitely new sales appeal, too! 
Can you improve a fire extinguisher, without ma- 
terially changing the design or method of opera- 
tion? The answer is emphatically yes—by making 
it of stainless steel. 

For one thing, fire extinguishers made of 
Allegheny Metal are a third lighter than ordinary 
types. Women can operate them easily, and that 
could mean many a fire brought under quicker 
control, causing less damage. A second point: 
stainless extinguishers are at least 50% stronger. 
They’re tested to much higher hydrostatic pres- 
sure than older types—which means they're 
potentially safer, longer-lasting, and better able 
to take a beating. And third: they're better- 


looking—always bright, smart and efficient in 
appearance—a strong sales point with any buyer. 

So—add fire extinguishers to the thousands of 
uses today for stainless steel. How about you? 
What jobs do you have where Allegheny Metal 


will pay you a profit? Let us help you to find out. 


* * > > * 


Complete technical and fabricating data—en- 
gineering help, too—are yours for the asking from 
Allegheny Ludlum Steel Corporation, Pittsburgh, 
Pa. ... the nation’s leading producer of stainless 
steel in all forms. Branch Offices are located in 
principal cities, coast to coast, and Warehouse 
Stocks of Allegheny Stainless Steel are carried by 
all Joseph T. Ryerson & Son, Inc. plants. 


weo soes 


You can make it BETTER with 
Allegheny Metal «=: 
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STAINLESS STEEL PLATE 


by G. O. CARLSON, INc. 


is filling critical needs 


£ Every facility of the G. O. Carlson, Inc. organization has 
been streamlined to meet present extraordinary conditions 

At this time, the special pattern cutting and rough 
machining techniques which we have developed over the 

years, are proving of inestimable value in saving time and 


conserving material 


Stainless steel is our only business and we know it 


CARLSON, inc. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS e BILLETS « BARS e SHEETS (No.1 Finish) 
District Sales Offices and Warehouse Distributors in Principal! Cities 
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Heat Treatment in 
Wartime Germany 


‘Cont. from p, 266) hot to the forg 
ing furnaces for reheating and were 
forged before cooling down. In the 
case of steels with a tendency to 
flaking, great care was taken to 
avoid this by slow cooling, either in 
pits or furnaces or by covering with 
local gravel. No great study, how 
ever, appears to have been made to 
find the most economical method of 
cooling to eliminate flakes. Smallet 
forgings were covered in sand and 
cooling might take anything from 
$ days to 5 weeks. Larger forgings 
were soaked at 1200° 1 heated to 
1650" F., soaked, cooled in the fur 
nace or air to 1200° 1 held at this 
temperature for a time dependent 
on the load, and then cooled in the 
furnace to below 200° F., the time 
being anvthing from 10 days to 5 
weeks 

rhe final treatment of forgings 
showed no departure from normal 
Practically no electric furnaces 
were used for treatment, gas firing 
being mainly used. Emphasis was 
laid, however, on adequate heat 
capacity in the furnaces. 

At Bochum, centrifugally cast gun 
tubes were first pit cooled slowly 
over a period of about 8 days from 
above 1800 to 400° F.. after which 
they were subjected to a diffusion 
inneal at 1830 to 2000° F. for 6 to 
IS hr. The time taken depended 
on composition and wall thickness. 
After this they were normalized and 
innealed for best machinability 
Final treatment consisted of heating 
to 1650° F. and cooling to 1580° F. 
in the furnace, quenching in oil to 
0° Rr. tempering at 1150°F. to 
btain the tensile strength required 
followed by a quench in water to 
obviate temper brittleness 

Cast armor was first normalized 
at 1650° F Up to February 1944 
il German cast armor was subse- 
quently oil quenched, usually twice 
for the largest sections. The second 
hardening temperature was some 
ae | below the first After the 
ibove date, water quenching was 
permitted if the shape and dimen- 
sions of the casting were such that 
it did not cause cracks to appear 
The water temperature had to be 
over 140° 1 All castings were oil 
or water quenched from the temper 
ing temperature to obviate temper 
brittleness. A sorbitic structure with 
“no free ferrite” was aimed for in 
regard to the heat treatment of cast 


armor (Continued on p,. 270 





LOW-TEMPERATURE 
SILVER BRAZING ALLOYS 


To thousands of manufac- 
turers throughout the world, the name SILVALOY means more 
than “the finest silver brazing alloys made.” SILVALOY also 
designates a technical advisory service staffed by the “Top Braz- 
ing Brains” in the country, offering complete cooperation with all 
users to help speed production, lower costs and improve results. 

You can rely with confidence upon this depend- 
able source of supply. Silvaloy Silver Brazing al- 
loys and APW Fluxes are manufactured by the 
world’s largest refiners of precious metals—with 
vast facilities for the fabrication of rings, forms 
and shapes for preplaced brazing. 
Complete stocks are maintained by our distrib- 
utors for “fast delivery”—call them for prompt, 
intelligent service. &* *& &k & &k & & *& 
APW Fluxes are 
packaged in 
containers from THE AMERICAN PLATINUM WOR 
'2 Ib. to 65 Ibs NEWARK, N. J. 


EAGLE METALS COMPANY 
SEATTLE, WASH. + PORTLAND, 
SPOKANE, WASH. a, 


EASTERN WELDING SUPPLY CO 
NEW YORK, N. Y. 


EDGCOMB STEEL COMPANY 
PHILADELPHIA, PA. + CHARLOTTE, 
BALTIMORE, MD. + YORK, PA. 
KNOXVILLE, TENN. 


FORT DUQUESNE STEEL COMP 
PITTSBURGH, PA. + CINCINNATI, 


THE HAMILTON STEEL COMPANY 


CLEVELAND, OHIO 
SUVALOY TECHNICIANS REPRESENT THE CINCINNATI, OHIO 


“TOP BRAZING BRAINS” IN THE COUNTRY. EACH 








STEEL SALES CORPORATION 
MAN IS A QUALIFIED AUTHORITY ON PRACTICAL CHICAGO, ILL. + MINNEAPOUS, MINN. 


BRAZING PROCEDURES. TAKE ADVANTAGE INDIANAPOLIS, IND. » KANSAS 
CITY, MO. « GRAND RAPIDS, MICH. 
DETROIT, MICH. + ST. LOUIS, MO. 
MILWAUKEE, WIS, 


THE WORKS Janz 


231 NEW JERSEY RAILROAD AVENUE, NEWARK 5, NEW JERSEY 


OF THIS HELPFUL SERVICE 








Guaranteed Resulls from 
FURNACES - OVENS - DRYERS 


in the OVER-ALL JOB. by 


= CONTINENTAL 


— ) 


FURNACES 


PRODUCTION LINES 
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problems to results... 


As varied as the problems were in these 
heating process requirements, CONTI- 
NENTAL produced the solutions. We have 
the answer to your problems, too. 

CONTINENTAL planned performance 
starts with the analysis of your problem 
and production requirements. It carries 
through with the selection and develop- 
ment of the best methods, estimates costs 
and savings, designs and builds the equip- 
ment, and provides the work-handling ac- 
cessories and control devices. Further- 
more, CONTINENTAL handles the complete 
installation, turning over to you a unit- 
ized, producing job with guaranteed results. 

Our 25 years’ experience and diversified 
research have produced numerous original 
designs and improved procedures. All of 
this data is available for preliminary plan- 
ning. CONTINENTAL invites you to share 
its engineering “‘round table” to discuss 
the expansion, remodeling, or modernizing 
plans you have in prospect. There is ne 
obligation. 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
176 W. Adams Street, Chicago 3, Illinois 


District Representatives 


Ridgewood, N. j indianapolis Cincinnati Milwaukee 


St. Louis Detroit Cleveland Pittsburgh 


Every Plant Needs CONTINENTAL 
Write for This New Booklet No. 127 
See How CONTINENTAL Can Help You. 


SPECIAL MACHINES 
COMPLETE PLANTS 





Heat Treatment in 
Wartime Germany 


(Starts on p. 266) 

With the exception of very light 
armor, 5 to 14.5 mm. (0.2 to 0.57 in.) 
heat treatment of German homoge- 
neous rolled armor consisted of a 
conventional hardening and temper- 
ing treatment. Homogeneous light 
armor in the thickness range 0.2 to 
0.57 in. was considered by the Ger- 
mans to be in a special category. 
Comparison with other thickness 
ranges showed that, in general, more 
alloy had been used for this thin 
plate than for the next two heavier 
ranges. This special consideration 
resulted apparently from an attempt 
to obtain high immunity to rifle and 
machine gun projectiles, while still 
maintaining sufficient toughness to 
withstand the shock of high explo- 
sive without shattering. The type 
of steel used contained 0.38 to 0.48% 
C, 1.30 to 1.65° Si, 0.80 to 1.10% 
Mn, 0.95 to 1.25% Cr, and was 
always oil quenched. 

Krupp’s, one of the chief pro- 
ducers of armor plate, had not 
altered its methods from those 
prior to the war, except for the 
introduction of gas carburizing in- 
stead of the usual pack carburizing. 
According to one authority, plates 
treated by the gas carburizing proc- 
ess ranged from 100 to 400 mm. (3.9 
to 15.6 in.). A battery of specially- 
constructed movable-hearth-type 
furnaces was used, heated by coke 
oven gas burnt through side burners. 
Carburizing under typical conditions 
required 11 days at 1800 to 2000° F. 

Plates for flame hardening were 
of compositions similar to those 
used for homogeneous armor. The 
carbon content ranged from 0.32 to 
0.45°, and the plates received the 
same preliminary heat treatment as 
the homogeneous plates. The desired 
depth of hardened face for 1.2-in. 
thick armor was 0.098 to 0.155 in., 
while for 2-in. thick plates a case 
depth of 0.118 to 0.197 in. was the 
objective. The surface hardness 
aimed for was 600 Vickers. The 
flame hardening process apparently 
gained impetus during the war 
years; either acetylene or town gas 
was used as fuel. 

In addition to plates, such parts 
as machine gun mantlets and ball 
mountings were also flame hard- 
ened. Ball mountings were heated 
while being rotated under a_ pro- 
filed burner flame. The ball was 
quenched, while still rotating, by 
water jets from a hood which was 
moved over it. (Continued on p, 272) 





Refractories 


There's hardly a heat-treating furnace that, somewhere in 
the furnace, doesn't use Super Refractories by CARBORUN- 
DUM — or couldn't do so profitably 

By selecting from their wide variety of base materials 
and bonds, CARBORUNDUM manufactures “job-designed” 
refractories tO mect many exacting furnace conditions 
Whether the problem is load strength, abrasion resistance, 
cracking resistance, or thermal conductivity, chances are 
that one of these Super Refractories, or a combination of 
them, can give the operating characteristics that you are 
looking for. Their use improves furnace efficiencies and 
helps deliver a better quality product 

We have a free booklet that outlines specific applications 


of these Super Refractories. May we send you a copy? 


Dept. C-21, Refractories Div. 


Carbotrax and Alivax 


are registered trade u dic ate snulacture by The Cart 


C. t. HAYES electrically 
furnace used for forging stainless steel jet engine blades 
This operation involves high temperatures and a high rate 
of production. CARBOFRAX silicon carbide material is used 
in the roof, floor and the front opening slot to give required 
abrasion and temperature resistance 


heated, atmosphere controlled 


STANDARD FUEL ENGINEERING COMPANY fur 
naces used for hardening and pack carburizing. CARBOFRAX 
hearths stand up under the heavy loads and abrasive condi 
tions encountered — also provide high thermal conductivity 
The burner tunnels, made of ALFRAX aluminum oxide 
cement, are long lasting and retain proper size openings 


PENNSYLVANIA INDUSTRIAL ENGINEERS ( Div. of 


Amsler Morton Corp.) walking beam furnace. The work 
rests on CARBOFRAX rails which provide necessary resis 
tance to impact, abrasion and high temperatures 


Perth Amboy, New Jersey 


rundum Company 
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Reduce your 


refractory 
SKS with... 


Johns-Manville 


FIRECRETE 


CAST YOUR OWN refractory 
shapes and linings with J-M Fire- 
crete. Burner blocks, door linings, 
covers, crucibles and countless spe- 
cial shapes are ready for use within 
24 hours. Minimum drying shrink- 
age and firing shrinkage with high 
resistance to spalling reduce shut- 
downs—increase production- 
lower operating Costs. 


3X Firecrete—3000F Refractory 
Concrete—for casting burner blocks, 
door linings, crucible furnaces, com- 
plete linings and special shapes that 
are subjected to soaking tempera- 
tures of 3000F. 


H. T. Firecrete—High Heat Duty 
Refractory Concrete—especially 
developed for casting shapes and 
linings exposed to temperatures 
between 2400F and 2800F. 


Standard Firecrete — Intermediate 
Heat Duty Refractory Concrete— 
for furnace door linings, bottoms, 
covers, pipe linings and other types 
of monolithic constructions as thin 
as 1'o”. For temperatures up to 
24001 


L. W. Firecrete—Insulating Re- 
fractory Concrete—a lightweight, 
easily applied, low conductivity re- 
fractory for furnace bottoms, door 
liners, covers and special shapes of 
all descriptions. For direct expo- 
sure to 2400F. 

Reg. U. 5. Pat, Off, 


HWS MANVILLE 


Johns-Manville 


BLAZECRETE 


BUILD AND REPAIR refractory 
linings with J-M Blazecrete. Just 
mix with water—flip into place and 
trowel smooth or, “gun” it on. Im- 
mediate firing unnecessary. Ready 
for use after overnight curing. 


3X Blazecrete—3000F Hydraulic 
Setting Refractory—for heavy patch- 
ing by troweling. Applied by just 
“flipping” into place. Also for gun 
application. Particularly adapted 
for lining ladles, runout spouts, and 
patching above slag line in cupolas. 
For soaking temperatures to 3000F., 


Standard Blazecrete— Intermediate 
Heat Duty Hydraulic Setting Re- 
fractory—used for slap-troweling 
or gunning. Builds and repairs re- 
fractory linings up to 2400F. 


L. W. Blazecrete— Hydraulic Setting 
Insulating Refractory for slap trow- 
eling or gunning—a lightweight, 
low-conductivity refractory de- 
signed for temperatures to 2000F. 
It can be used in combination with 
Standard or H. T. Blazecrete, for 
special conditions. 


Johns-Manville 





JM 


asta REFRACTORY PRODUCTS 
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Heat Treatment in 
Wartime Germany 


(Starts on p. 266) 

There appear to have been two 
distinct installations in Germany 
which produced face hardened 
armor plate by electrical induction 

one at Dortmund-Horde and the 
other at Hannover belonging to 
D.E.W. The Dortmund installation 
was primarily used for thick plate 
and could operate at either 50° or 
500 evcles, the power required being 
1500 kva. or about the same as that 
required for a 6-ton electric furnace. 
{ penetration of 3 in. was obtained 
over a width of about 7's ft., at a 
speed of 9 in. per min. 

In the Hannover plant, the coil 
enclosed a rectangular space through 
which the plate passed at a uniform 
speed depending on the plate thick- 
ness (2 in. thick, 12 in. per min.) 
The upper conductor was hollow 
and water cooled. It was surrounded 
by iron laminations of special de- 
sign, the whole being mounted in 
bakelite. Water jets from the con- 
ductor mounting quenched the plate 
after heating. The lower conductor 
was of much larger section and pro- 
duced a very weak field. After hard- 
ening, plates were heated to between 
300 and 350° F 


through final straightening rolls 


before passing 


Inquiries were made concerning 
the use of the “martempering” proc- 
ess for bearing components. The 
process called. Warmhartung (hot 
hardening), which had been used 
for rings with satisfactory results, 
was considered to be the German 
equivalent of martempering. The 
treatment reported at Kugelfischer, 
and quoted as an example, was not 
strictly martempering, but a quench 
into a warm bath (about 400° F.) to 
reduce danger of hardening cracks. 

Quenching Directly From Rolling 

Experiments on quenching bars 
and billets directly from rollimg 
were made at Ruhrstahl. In the 
first experiment, bars directly after 
rolling were made to enter a tube 
flushed with water. One of the 
principal drawbacks was that the 
bars came out of the cooling tube 
twisted. The form of the plant was 
accordingly modified by using a 
cooling tube of very small diameter, 
this change producing favorable 
results when applied to bars up to, 
say, 1 in. diameter 

After the completely cooled bar 
had been removed from the cooling 
tube, it was cut to the required 
lengths by an abrasive disk saw and 


tempered. To minimize the danget 





of cracking and the slowing of pro- 
duction involved in cutting, Ruhr- 
stahl considered the possibility of 
tempering the entire length of the 
rolled bar by electrical means. 
Experiments on quenching bars 
direct from rolling had also been 
made by Gebriider Bohler. The 
method developed differed from that 
Ruhrstahl, the rolled bars 
rushed the quenching 
and after 
to a roller conveyer, by which they 
brought to the annealing fur- 
Although no delay took place 
in mill production, work had 
to be spent on straightening. 
The following, quoted from an 
interrogation report, should be of 
“Hardening directly from 
heat is basically 


used at 
being into 
bath transferred cooling 
were 
nace. 


more 


interest: 
rolling 
results 


new; its 
the 


before 


steel 
roll- 


always 


are good because 


is held for a long time 
so that 
dissolved. 
rolling.” 
The 


all the carbon is 
not 


ing, 
This is changed by 
from 
investigated 


of steels 
been 


hardening 
rolling heat has 
by P. Drastik and 
pared with the results obtained by 
normal heat treatment methods. The 
showed that: The 
physical properties is 
than in normal 
and (b) the test 
particularly notch-impact 
elong and reduction 
for equal tensile strength 
considerably higher than with 
normal heat treatment. eine 


has been com- 


comparison (a) 
variation in 
less pronounced 
heat treatment 
results, 
strength, 
in area 


ation 


were 


Corrosion of Marine 
Condenser Systems 


K* ESSIVE 
4 


corrosion — of 
under in- 
and it 
trouble de- 
extent upon 


tubes came 
4) vears 
that the 
a remarkable 
working conditions. Neverthe- 
knowledge of the older and 
new and of design im- 
another alloy 
Marked 


severity of 


condenser 
study 
found 

pended to 
the 


less, 


tensive ago, 


was 


some alloys 


proved so one or can 


be safely used recent 


increase in operating 
caused 
parts of the main 
attack had not 


present paper* 


conditions in naval vessels 
trouble 


cooling 


in other 
system where 
The 


summary of a 


been expected. 
is a brief 
guide for 
thorities, 


reference 


ships’ officers, repair au- 
and designers for identify- 
types of (Cont. 


, 


ing the on p. 274%) 
*“Corrosion and Related Problems 
in Sea Water Cooling and Pipe Sys 
tems in the H. M. Ships”, by I. G 
Slater, L. Kenworthy and R. May; 
Journal of the Institute of Metals, 
Vol. 77, 1950, p. 309 Paper 1253 


ships’ 
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“Immersion Melting... 


™“™~ 


44” pot with 10,000 Ib. capacity. 
Casting pa ps ben bar denn 


40%. 


IMMERSION MELTING POTS 


oF ont 


e 
°* SAVE YOU 
UP TO 40% 
ON FUEL ALONE 


If you melt soft metals, lead, 
pewter, tin or salt, you can 


prove that ‘modern Kemp 
Gas-Fired Immersion Heat- 
ing cuts fuel bills up to 40% 
and more. Reduces heat re- 
covery time to 1/3 — assures 


There’s no brickwork to 
steal heat—no external com- 
bustion chamber — no carbon 
monoxide—no temperature 
overrun. You get high melting 
rates, reduced dross formation 
and speed of temperature re- 
covery after adding cold 
material. The Kemp Industrial 
Carburetor, part of each in- 
stallation, assures complete 
combustion—reduces installa- 
tion costs. 


SEND FOR DETAILS 


Kemp Immersion Melting 
Pots can improve your melting 
operation. 


Write for Bulletin for technical information. 
Address: C. M. KEMP MFG. CO 
405 E. Oliver St., Baltimore 2, Md. 
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Corrosion of Marine 
Condenser Systems 


(Starts on p. 273) corrosion and the 
factors responsible, and putting into 
effect such methods to overcome or 
minimize the troubles as at that 
time could be recommended. 

The authors record their appre- 
ciation to the Engineer Officers of 
the Royal Navy, “who, in the stress 
of war, inspired and made possible 
much of the work, not only by 
affording facilities to see, discuss, 
philosophize, and experiment, but 
also by having faith in the scien- 
tists’ prognostications”. 

The three most prominent types 
of corrosion deterioration are im- 
pingement attack, pitting, and attack 
under foreign deposits. A rough 
guide to the relative resistance of 
various materials is given in the 
table. The second column gives the 

average water speed in ft. per sec. 
T-70X Timer Thermostat 
No. 48—Product of at which risk of impingement attack 


Genera! Controls Company generally arises in service. 


Resist- 
Glendale, California 


Was your house cold this morning? Nearly 
everyone lowers the thermostat at night, both for 
fuel economy and more comfortable sleep—but 
why get up in the cold, re-set the thermostat, then 
wait for higher temperatures to chase away 
the chills? 

Sleep in every morning . . . let Chace 
Thermostatic Bimetal chase night-time chill . . . 
and get up in a warm, comfortable house! Chace 
Bimetal actuates this General Controls Timer 
Thermostat, which lets you do just that. Set one 
dial for desired day-time temperature, the other 
lower, for night. Then set the timer at bedtime 
like an alarm clock; the control takes over, 
maintains economical lower temperature all night 
... gives you a “warm reception” in the morning. 

The dependable response of Chace Thermo- 
static Bimetal means satisfied users for this ther- 
mostat—and for your product, too! Chace Bimetal 
is furnished in strips, coils, fabricated elements 
or sub-assemblies. We offer compiete engineer- 
ing, laboratory and production facilities and the 
counsel of Chace Application Engineers. Take 
advantage of these services when you have prob- 
lems involving temperature-responsive devices. 


W. M. CHACE CO. 
Theumostalic Bimelal 


1626 BEARD AVE., DETROIT 9, MICH. 
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ance to pitting and to deposit attack 
in the third and fourth columns re- 
spectively is noted by the code M 
for moderate, G for good, VG for 
very good, and I for immune. 


Approximate Corrosion Resistance 





Im- 
MATERIAL PINGE- PITTING DEPOSIT 
MENT 


Copper M M 
Admiralty / 

Naval brass | M M 
Cupro-nickel § G G 

Al brass 5 GtoM VGtoM 
Gun metal VG VG 
Rubber I I 














Excessive local turbulence, often 
caused by minor details in the de- 
sign, is of great significance. “More- 
over, seawater is far from being a 
homogeneous or uniform fluid and a 
ship’s cooling system has to take all 
that comes its way, from air bubbles 
to the manifest unpredictables of 
marine muds, flora, and fauna, and 
all that sinks or floats” therein. 
Juxtaposition of so many metals 
accounts for the significantly infe- 
rior performance of systems during 
the early history of many ships, as 
a result of galvanic attack and its 
effect in promoting other forms of 
corrosion. It is fortunate that sea- 
water will deposit an insulating 
scale on the offending cathodic 
areas in due time and thus permit 
the formation of the natural pro- 
tective film on the other metal sur- 

(Continued on p. 276 
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A GREAT AID FOR TESTING PRODUCTION IN... 
PAINT, GLASS, CHEMICAL and METAL LABORATORIES 


DESPATCH CF Furnaces are specifically designed to meet the most 
rigid research and production requirements. New streamlined models 
will complement other modern laboratory or production equipment 
.. available in either 850° F. maximum temperature or 1250° F. maxi- 
mum temperature. Consider these outstanding performance features: 
ACCURATE TEMPERATURE CONTROL— Tolerances to *2'2° F. 


UNIFORM HEATING— The unusual efficiency of the DESPATCH forced 
convection (cross flow) heat distribution system supplies heated air 
uniformly to every inch of the work chamber. 

FAST, VERSATILE—High volume, high velocity fan transfers air heated 


to the desired temperature through the work chamber at tremendous EIGHT SIZES TO CHOOSE FROM 
velocity and under great pressure to bring work chamber up to required Available in either electric or gas models 
temperature in minimum time even with dense loads INSIDE DIMENSIONS, INCHES ten 
ECONOMICAL— Maximum efficiency from fuel is assured. Width Length Height Fomp 


EASY TO USE—Smooth working doors, conveniently placed load shelves +. 4 
and handy controls eliminate unnecessary steps by operator. Saves 37 19 
time and labor. ad 
19 
37 
37 





fF 
r 
fF 
f 
f 
F 
fF 
‘ 


neers and manufactures « complete line 
of conveyoriz batch or pot type furnaces (te 1250° F.) 


>] =) a 


OVEN COMPANY 
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NOW You Call afford a Condenser Systems 
x pes 
High Vacuum Furnace faces. Pi cnoccabicc hes ol marine 


muds activated by decomposing 
organic matter settle on the metal 
surfaces and destroy the natural 
protective films are yet another of 
the major problems.” 

Proper use of steel protectors 
can do much to limit attack of im 
mediately adjacent nonferrous com 
ponents, and provide iron corrosion 
products which become incorpo 
rated in the protective film on 
condenser tubes and other parts 
Protection for a limited time can be 
secured by suitable paint coatings 
Sheets of natural rubber “tailored” 
and bonded to the metal are proving 
very durable. 

A better alloy for sheet and pip 
ing which has to be shaped and 





bent to form is a copper alloy con 
taining small percentages of nickel 


Versatile . and iron; this is now going into 
, P " service for certain piping prone to 
Unit lets an os , impingement attack. 


The majority of the availabk 


you melt, ; H metals and alloys have 


es. points and undergo some corrosion 
pour, heat if the specific conditions to which 


the material is sensitive make thei 


their weak 


treat, degas vn appearance. This tendency has to 

nt; ? be considered along with the better 
properties of each. Of such prope 
ties, a natural protective film which 
a a ee? St i only breaks down slowly even undet 
i ei a Fir Payee sie tec tats alba Gil hae lal the worst conditions and quickly 





, ; forms again when these have passed 
vacuum, high-temperatur ‘ . u of its Modest price, it will fall with 


bud : is perhaps the most valuable and is 
udget of most laboratories 
With t . ” more likely of attainment than com 
ith ¢ ne na 1 Cat ne hnaity— nm t an our ada to the 
a . : lete resistance 
melt — stir low the hot z sure hot zone temperatures troduce l i ° 


: : : Advance Appraisal At present 
controlled atmosphere ras te ts a complete, versatile u abi lal 
aboratory tests can sim ‘ ! 
of handling the widest variety of met rgical research work. Write toda ’ ulate a num 


ber of the rarer and more damaging 


FEAT URE Ss types of corrosive attack. “Informa 


tion so gained would inspire litth 
@ Ultimate vacuum of less than @ Constant temperature zone 6 x 244" dia. 
$x 10° mm. He 


ws confidence, however, if tests were 
@ Power supplicd directly fre sins to : 
W orking temperatures up to 2000° ( * speeded up by introducing condi 


signed variable auto 


Temperature controllable within $° C. transformer which is an integral part tions never encountered in practice, 


pecially-d 


oe 
. 
@ Hot zone reaches temperature within of unit ( even by undue exaggeration of 
one minute @ Either manual or automatic temperature ’ 
merol or both ny of the known factors. The prin 

@ No refractories used in hot zone come = | 
@ 4° purifying type diffusion pump insures @ Thermocouple vacuum gage is standard ciple in use for a number of ve 

high capacity for out-gassing equipment. Other gages are available is to take the maximum rate of 
+ 


Utilizes single turn low voltage @ Furnished complete with vacuum system, attack observed in practice as a 


resistance element of either tungsten controls and gages including ammeter ; 
Stand: ‘ Ti : ‘ 
or molybdenum 8 x 2'" dia volt-meter and temperature indicator tandard, and to arrange test con 


ditions so that when using the same 
material this rate is approached, 
but not exceeded. It is also impor 
tant that the essential factors intro 
duced to obtain this rate of attack 
should be, so far as possible, the 

N : | R a E. +} same as those which produce the 
ationa e€sea rc orporarion same type of corrosion in practice, 
Geocmty Memorial Drive, Cambridee, Mass: / ind furthermore, that none of them 
should be exaggerated much beyond 





what would occur (Cont, on p. 978 
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THAT the bed frame of the Acme XN Forging Machine 
is a one-piece, box type, high grade steel casting, fully 
annealed for stress relief? It is designed to insure proper 


J induSsTay 


metal dis- 
longitudinal and 
held in place in the bed are 
used in all slideways—header slide, die slide and toggle slide 
permanent slide alignment 


tribution and strengthened by heavy, deep, vertical, 
transverse trusses. Nitralloy liners firmly 


assuring 


This sturdy construction, plus a rigid steel tie plate, covering and rein- 
forcing the movable die slide ways, produces a bed of exceptional strength 
with a safety factor far in excess of demands made on the machine 
Acme XN construction eliminates the necessity of protruding and inter 
fering tie rods and cross-tie clamps 


LOOK TO ACME FOR PROGRESS IN FORGING! 


ACME MACHINERY DIVISION © 1207 W. 6Sth St., Cleveland 2, Ohio 


FYOAMLC SURAEt GRR CANTON” ALRATOR wens radu tis tens «abner ee SHEAR BLAMES pen 
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RUST FORMATION ON 


18-8 STAINLESS STEEL 


Vorman S. Mott 
Chief Chemist and Metallurgist 


The popular conception that rust 
ean never form on 18-8 stainless 
steel, unless something is wrong 
with the chemical composition or 
the heat treatment, is a long way 
from the truth. Experience has 
shown that rust can occur on stain- 
less alloys of controlled composi- 
tion and heat treatment as _ the 
result of surface contamination. 
Among the many sources of con- 
tamination which may contribute 
to the formation of rust on the sur- 
face of stainless steels, the follow- 


ing are leading offenders: 


L. An iron film left on the sur- 
face as the result of a ma- 
chining or other manufactur- 
ing operation will tend to 
rust in the presence of mois- 


ture. 


Microscopic scale particles 
left on the surface after pick- 
ling may become visible as 
“rust” under suitable condi- 


tions. 


Pickling solution oozing from 
minute pores in the metal 
may stain the surface and 
oxidize to a brown rust color 
due to the iron which it 


contains. 


The accumulation of the 
natural corrosion products of 
the alloy in corrosive service 
on a rough surface may 
cause a brown stain due to 


oxidation. 
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5. Discoloration may be caused 
by the accumulation of any 
extraneous processing mate- 
rial which is of such a nature 
as to cause a “rusty” appear- 


ance on a rough surface. 


Articles that are to have a truly 
“stainless” appearance should have 
all seale completely removed by 
suitable cleaning methods. should 
be passivated after machining op- 
erations in warm dilute nitric acid, 
should be free from porosity, and 
should have a reasonably smooth 


surface. 


\ smooth or polished surface will 
always stay cleaner and brighter, 
and be more resistant under mildly 
corrosive conditions than a rough 
surface and this tendency increases 
with the degree of polish. Although 
it is true that stainless steel is at 
its best when highly polished, it 
should be remembered that under 
strongly corrosive conditions this 
polish is soon removed. For most 
applications, it is the inherent re- 
sistance of the alloy that counts 
and “rust” conditions such as those 
described are relatively harmless. 
They are the results of surface 
contamination and in no way 
reflect the composition of the alloy 
or the effectiveness of the heat 


treatment. 





Auailalle on request 


Detailed technical chart giving 


comparative designations, analy - 


COOPER 
LLOY 


Stainless Stee! 
VALVES FITTINGS CASTINGS ings. 


ses, proper- 
ties and ap- 
plications of 
stainless, 
corrosion and 
heat resistant 


alloy cast- 
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(Starts on p. 273) under the worst 
practical conditions. Fortunately, 
these limitations do not make the 
tests unduly slow.” For example, 
under the worst conditions of prac- 
tice, failures of 70:30 brass conden- 
ser tubes occur in three weeks and 
hence this rate may be duplicated in 
laboratory tests without going be- 
vond “legitimate conditions”. 

Some types of corrosion, like 
dezincification, progress slowly; no 
attempt should be made to speed 
these up in laboratory tests. Usually 
it is suflicient to note the initiation 
of the corrosion and to estimate its 
known 
check specimens tested at the same 
time. 

Very useful is a jet impingement 


rate by comparison with 


test, wherein seawater at 17 ft. per 
sec. with 3° by volume of en- 
tangled air gives a rate of attack 
which represents fairly closely the 
local maxima that can occur in a 
cooling system with an = average 
water speed of about 12 ft. per sec., 
when there is a considerable amount 
of turbulence and a local concen- 
tration of air bubbles. The test is 
run continuously for 28 days. If the 
specimen and the check specimen 
are unattacked in the first seven 
days, the protective film is scratched. 
Consistent healing of the = seratch 
indicates corrosion resistance of a 
high order, unless, of course, the 
check specimen also heals, in which 
case it must be concluded that some- 
thing has gone wrong with the test. 

The jet test also detects pitting 
corrosion due to contaminating sub- 
stances in the water. The pits may 
develop very close to the jet, or 
may be distributed over the surface 
under small blisters or localized at 
the points of contact with the 
holder, or occur on the back of the 
specimens remote from the jet. 

The “rotor test” is useful for 
studying metals. 
rhe samples, connected together as 
required, are all attached to an 
ebonite rotor immersed in a tank of 
seawater and rotated at a suitable 


speed. 


combinations of 


Finally, operation of small models 
of the condenser system is an im- 
portant link between laboratory 
tests and large-scale trials. 
valuable 
commendable re- 
straint in their references to litera- 
ture. From literally hundreds of 
published documents they chose 
only four. 


The authors of | this 
summary show 





Discharge end of 
Continuous Sintering 


Furnace 


Experience, tested designjand construction will serve 
your individual production needs for powdered metals 


and similar controlled atmosphere requirements. . . . 
Batch type or continuous furnaces are available. 


VER. 


TOO £. VENANGO ST... PHILADELPHIA 34, FA 
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For New ’ 


CONVENIENCE ; Speciby 


v * — * 

in Laboratory Apparatus ’ Precision 
! 

| tobe Sure 





more ease, range, speed — 


PRECISION Submerged-Specimen Cutter, first step 
of 3-step technique, avoids intermediate polishing. 
Slow-speed cutting edge and rigidly-gripped speci- 
men totally under water, exclusively avoiding burr and 
burn. Self-contained unit, semi-automatic, frees skilled 
operator; faster, easier, lower cost. Bulletin 5-772 


Other pre-tested products in the broad Precision line— 
“utilities” to highly specialized instruments—can make 
your work easier, surer, more economical. Think which 
of your equipment needs replacement, where your 
facilities should be extended 


Precision Scientific Company 


3737 W CORTLAND STREET—CHICAGO 47 





* cINEST Research and Production Control Apparatus 


NEW YORK ° PHILADELPHIA ° ST. LOUIS ° HOUSTON ° SAN FRANCISCO 
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Pure Metals* 


N METALS for electrical and mag 

netic purposes the effect of minor 
impurities 1s outstandingly impor- 
tant, as has been known for a long 
time by the manufacturers of cop- 
per wire. More recent refinements 
in metallurgical processes and in 
spectrographic analysis have 
brought some of the obscure anom 
alies to heel. Take, for example, the 
recrystallization of “pure” lead at 
room temperature after heavy cold 
working: Two lots of lead were se- 
cured, A with less than 0.002°, 
total impurities and B with about 
0.010 total of the same impurities. 
To each of these 0.005% nickel was 
added, both heavily cold rolled and 
tested after equal aging. Originally, 
lead A had tensile strength of 2180 
psi.; after alloying and treatment it 
tested 2360 psi., an increase of 8 
Corresponding figures for lead B 
were 2300 psi. originally, 3040 psi 
alloyed, cold rolled and aged, an 
increase of 32°. Thus, “the danger 
of unsuspected variables is so great 
that the effects of impurities can 
best be investigated with limited 
batches of a number of materials 
similarly prepared and carried 
through identical rolling, aging, and 
testing schedules as a group”. 

Work of Yensen, Zeigler and 
Ciofli has shown the enormous im 
provement in the permeability as 
the impurities in “pure” iron 
(notably C, S, O and N) are pro- 
gressively reduced. For example, 
commercial Armco iron” with 
0.062°> of the above impurities has 
a maximum permeability of 7000. 
After 3 hr. heating at 2700° F. these 
impurities are reduced to 0.013% 
and the permeability is increased 
to 30,000. Heating 15 hr. longer 
brings the CC +84 0+4Nto 0011 
yet the permeability jumps to 
227.000! 

Nitrogen, by this heat treatment, 
is reduced to about O.0001%. If 
above 0.0010% it has a markedly 
deleterious effect since a_ nitride 
precipitates gradually, and the harm 
increases with time an effect not 
generally recognized because of the 
slowness of the change, and because 
the effect may have been obscured 
by the action of other minor 
constituents, 

Similar control of trace elements 
is necessary for the handling of 
“semiconductors” (Cont. on p. 282) 


*Abstract of “Metallurgy Behind 
the Decimal Point”, by Earle E. 
Schumacher, Institute of Metals Di- 
vision Lecture (1950), Transactions, 
\.I1.M.E., September 1950, p. 1097. 
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Subulovr 


SELF-PROTECTED THERMOCOUPLES 


Thermo Electric's Tubular Thermocouples maintain 
their original accuracy and sensitivity even under 
the most severe operating conditions. The tubular 
pure iron element protects the Constantan center 
wire against contaminating atmospheres and solu- 
tions. 


These Tubular Thermocouple and Protection Tube 
Assemblies give satisfactory service up to 1800°F. 
and in many cases can be used bare up to 1400°F. 


Weld of Thermocouple 
Hot Junction. 


Send for{Industrial Catalog Section 22H 


describing our Thermocouples and Accessories. 


Thermo Electric ‘sx wwn 


NEW JERSEY 








tholtor than Hodes! 


BUT prencealel 


eoxes 


STANWOOD CONTAINERS 
CAN TAKE IT! 


ASKETS, trays, fixtures give you many 

more hours of service — more trips 
through the furnace—when they are of cor- 
rect Stanwood design and Stanwood-speci- 
fied heat and corrosion resistant alloys 
based on long experience. Let the Stan- 
wood representative in your locality assist 
you. Send for Catalog. 


SaAsners 


Tray with FixTuRes 
lock ng cover 


Stacking 
Fixture 


Generator Tube 


Stanwood 


4817 W. Cortland St.. Chicago 39, Tl. 
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Pure Metals 


(Cont. from p. 280) silicon and get 
manium (Group IV elements), used 
in point-contact rectifiers and tran 
sistors. hese metals have poor 
conductivity because the outer elec 
trons attached to their atoms are 
completely occupied by bonding the 
itom into its proper place in the 
crystalline lattice. If, now, an aton 
of phosphorus or another element 
in Group V, having one extra elec 
tron in its outer shell, is introduced 
into this lattice, there is a spare 
electron available for carrying 
electric current. Phosphorus is 
therefore called a donor and is re 
sponsible for “n-type conductivity’ 
(n for a negative mobile carrier of 
electricity, the loose electron) If 
howevet boron with only thre 
outer electrons is added as an in 
purity, its deficiency seems to create 

mobile hole, the locus of a posi 
tive charge joron and other el 
ments in Group TIL of the periodi« 
sequence are therefore called an 
acceptor for silicon or germaniun 
because it accepts an electron fron 
a lattice bond, and the resulting 
conductivity is called the p-type 
because the mobile carriers act 
as though they were positively 
charged 

Consider now some germaniu 
Which has a litthe of both phos 
phorus and boron, one a donor, the 
other an acceptor. The net result on 
the resistivity is not proportional to 
their sum but corresponds more 
nearly to their difference. Phese 
facts are of use in producing metal 
of acceptable characteristics Dake 
metal containing 30 times as much 
boron as phosphorus; owing to seg 
regation the metal in the top of the 
ingot has too high a resistivity 
Another metal containing twice as 
much boron as phosphorus has 
metal of too high resistivity in the 
bottom \ balanced analysis (5 
boron to | phosphorus) has accept 
ible resistivity top to bottom. 

The author concludes: “What 
constitutes a ‘minor amount of 
added element we now see to be a 
matter of degree. Five parts of sil 
ver in 100,000 of lead change the 
strength of the lead rhe removal 
of 30 parts of sulphur and two parts 
of nitrogen from 1,000,000 parts of 
iron produces a seven-fold increas 
in permeability One part of anti 
mony in 1LOO.000,000 of germanium 
doubles the conductivity. Perhaps 
some day we shall be privileged t 
study the properties of really pure 
metals. The first problem is to s¢ 
cure them.” 




















FOR MARKING 
ALL TYPES 
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WET OR DRY 
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FOR PRODUCTION 
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FIREDIE— 


Resists Fire Checking 
Will Not Rub Off... ne. STER AL ox we 
Waterproof... Will Mewes ent 
Not Run. 
Appears as Paint 
When Used on 
Hot Metal. 


Samples and Price List 
on Request. 


COLUMBIA TOOL STEEL COMPANY 


ELECTRIC MELTING 
FURNACE 


as ever, the dependable furnace for the 
production of high-grade 


stainless, 
and rimming steels 


alloy 
Removable roof of new design now avail- 


able for the larger furnaces 


AMERICAN BRIDGE COMPANY 
General Offices: Frick Building, Pittsburgh, Pa 


Contracting Offices in New York, Philadelphia, Chicago 
Son Francisco and other principal cities 
United States Steel Export Company, New York 
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Tempilstiks 


A simple method of 
controlling temper- 
atures in: 


@ WELDING 
erame-curinG =. 4/0 
© TEMPERING available 
© FORGING in pellet 
© CASTING and 
© MOLDING liquid 
© DRAWING form 
© STRAIGHTENING 
© HEAT-TREATING 

IN GENERAL 








it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 


the specified temperature has 
been reached. 


gives up 
to 2000 
readings 


————_—_—————— 


Available in these coempaunbusee (F) 





113 263 | 400 950 1500 
125 275 450 1000 1550 
138 288 500 1050 1600 
150 300 550 1100 1650 
163 | 31:3. | 600 | 1150 | 1700 
aan 325 | 650 | 1200 | 1750 
200 338 700 1250 1800 
213 350 750 1300 oon 
363 800 1350 ! 
30 375 850 1400 1950 
250 388 900 1450 2000 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy” 
— 16%,” by 21” plastic-laminated wall 


chart in color. Send for sample pellets, 
stating temperature of interest to you. 























CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Therm ple Supplies « 
Pyrometers & Ce ntrols © 
Dept. 15 - 
Dept. 15 + 


Industrial Furnaces & Ovens 
Metallurgical Testing Machines 
3000 South Wallace S$t., Chicago 16, III 
2035 Hamilton Ave., Cleveland 14, Ohio 
r ry 
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Alloys of 
Al-Zn-Mg-Cu* 


| lr was during the first world war 

that Walter Rosenhain and his 
co-workers tried to find a cheaper 
and better substitute for the ordi- 
nary duralumin and quite naturally 
selected aluminum-zine alloys for 
their experiments. Beginning with 
25%, they lowered the zine content 
and added magnesium, and some of 
their rolled and 
had a tensile 


hardened alloys 
strength of more than 
100,000 psi., but the elongation was 
and the strength continuously 
decreased in storage. 
alloys highly 

even by 


zero 
Besides, the 
were vulnerable to 
corrosion so common a 
medium as tap water. 

Later on, these experiments 
abandoned by the British, 
stead invented the “Y 
taken up by the Germans, and al 
loys of the duralumin type contain- 
ing 8% Zn, with and without tiny 
amounts of lithium, came 
They had a tensile strength of 
70,000 psi. and 13° elongation, 
against 60,000 and 23 for duralu- 
min and were far less corrosion re- 
sistant than duralumin 

Aluminum-zine 


who in 


alloy” were 


into use. 


magnesium al 
copper 
France as a 
variety of 


loys containing no 


extensively 


were 
used in 
cheaper and 
duralumin. Unfortunately, to be 
really stronger they had to carry 
8% Zn and 3 to 4% Mg, at which 
composition they tended to develop 
sudden brittleness. Extruded rods 
would tensile strength of 
70,000 and a yield strength of 55,000 
psi. with 10 elongation, but the 
latter would frequently drop nearly 
to zero, while the 
might go up to 
below what 
“E alloys”. 


stronger 


show a 


tensile strength 
90,000 psi. still 
tosenhain got in his 


French metallurgists found that 
an addition of 1.5 to 3% Cu stabi 
lizes the alloys and that an addition 
of 0.25% C1 hurt 
either; small amounts of iron and 
silicon can be allowed too (about 
0.25% each). A comparison be- 
tween the copper-free alloy “A-Z G” 
(7.5% Zn, 2.5% Mg) and “A-Z Gu” 
containing, in addition, 1.5% Cu is 
the subject of the which is 
reviewed here 


does not them 


paper 


Unfortunately, the original con 
tains no tables and diagrams of the 


(Continued on p, 286) 


* Abstract from“ 
on Aluminum-Zine 
Alloys”, by 
Gabane, Revue dé 


p. 13-2 


Recent Researches 
Magnesium-( opper 
Saulnier and G 


Vétallurgie, 1949, 





Want to know 
more about 


ANALY SIS? 


Read this 
New 8-page 
ENGELHARD 

BULLETIN 


Look at these 
Data - Packed Pages 


YOU WILL FIND a wealth of ma- 
terial on a wide range of gas anal- 
ysis problems and their solutions 
in the new Engelhard 8-page illus- 
trated bulletin. It explains how 
Engelhard equipment provides 
complete, sensitive, accurate anal- 
yses by the proven thermal conduc- 
tivity method. The bulletin also 
contains a valuable thermal con- 
ductivity table that you will want 
to keep for handy reference. Write 
for your free copy today. Ask for 
Bulletin 800A. 

Please send me FREE copy of Bulletin 
800-A on Gas Analysis. 

Name 

Company 

Address 


City ienie an State 


CHARLES ENGELHARD, INC. 
850 PASSAIC AVENUE, EAST NEWARK, N 








TM 
Is MISCO foe teat Resisting 


IN ROLLED MILL FORMS 


Sheets Plates = Rounds @ Squares Hexagons @ Flats ao-= Angles. 
Channels|LJ Sections “by TTT @) Nuts) Welding Rod =) 


a = 
MISCO METAL (35-15) 
Gas Carburizing Basket 





TI 


64 


| MISCO METAL (35-15) 





Bell Furnace Hood 





ad 


Rolled MISCO METAL (35 Ni-15 Cr- 
14Si) is proving in hundreds of plants 
to be the top-quality heat resisting 
alloy. For resistance against heat and 


carburizing atmospheres, at temper- 
atures from 1550 to 1800°F., Misco 


Metal is the best rolled alloy obtain- 
able. Carburizing equipment fabri- 
cated from Misco Metal is stronger, 
more heat resistant, lasts longer and 
costs less. Specify rolled Misco Metal 
for your carburizing process equip- 
ment and get the top alloy —there is 
none better. 


Select the ALLOY that 
Does YOUR JOB BEST... 


We also carry stocks of other Heat Resisting 
Alloys—They provide a correct alloy for most 
conditions of High Temperature service . . . 


MISCO K—25 Cr-20 Ni....A.1.S.1. Type 310 
MISCO B—25 Cr-12 Ni....A.1.S.1. Type 309 
MISCO 430—17 Cr........A.1.S.1. Type 430 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 














One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 


1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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roy -V-1:1°) 
and SULFUR 
© “ae 


nite 


CAR 


TWO MINUTE CARBON 
DETERMINATOR 
High degree of 
eccurocy ossured by 
fan cooling gases 
leveling to meniscus 
line, avtomatically 
maintaining atmos- 
pheric pressure, wide 
selection of carbon 
percentage scales 
Accurate within 
0.002% on low range 
Burette. 


THREE MINUTE 
SULFUR 
DETERMINATOR 


Determination in ac- 

cordance with A.S.T.M. 

specification accuracy 

within 0.002% inorganic 

or organic materials. 
= Simple procedure. 


rth 
al 


HIGH- 
TEMPERATURE 
FURNACE 


Sturdy construction 


~ 


Use 3031D Boots and Zircotubes to 
reduce operating cost of analysis. 


Use Dietert-Detroit Carbon and Sulfur 
Determinators for Economical Analyses 


Write to Dept. C-4 for descriptive literature 


CONTROL EQUIPMENT 


9330 ROSELAWN « DETROIT 4, MICH. 
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Alloys of 
Al-Zn-Mg-Cu 


(Continued from p. 284 
mechanical, physical and chemical 
characteristics of the two alloys as 
obtained after different heat treat 
ing procedures. The whole work 
was done by what might be called 
methods of dilatom 
etry and X-ray analysis, which are 


the “elegant” 


important and should be used by 
all workers in the alloy field but 
not exclusively. 

The authors prepared their al 
loys in two 20-lb. heats cast int 
round billets 2.5 in. in diameter 
Only the purest raw materials were 
extruded into 
and the 


used. Billets were 
rods 0.315 in. in diameter, 
samples cut from these rods 

Fhe amount of dilatometric 
Six different 


levels were used for 


work was prodigious. 
temperature 
solution heat treatment and seven 
for precipitation hardening 

The authors believe that in the 
A-ZG alloy precipitation begins 
with the Al,Zn.Mg.., 
and is later joined by MgZn, 
but in the A-Z Gu alloy it) starts 


compound 


with CuAl,, is joined by Al,Mg.Cu 
and later by MgZn,, after which 
the alloy develops a tendency to 
brittleness, so that the precipitation 
of the latter should be ex 
cluded by aging at 275° F. and not 
higher than 320° F. 

All told, the alloy A-Z Gu must 
not be pushed too high in tensile 


phase 


strength, lest its elongation become 
too low. A tensile strength of 70,000 
psi. seems to be the best compro 
mise, and this is not too far from 
regular duralumin, which frequently 
shows 63,000 psi. with over 20 
elongation. 

The high values of the vield 
strength are questionable because 
it is customary in Europe to obtain 
this property from a= diagram 
recorded by the testing maching 
throughout the whole plastic range, 
elastic 


and therefore showing the 


range only crudely. Accurate exten 
someters are very rarely used for 
that purpose 

Somewhat doubtful also is’ the 
25,000 psi. for the fatigue 
limit. The authors mention that the 
fatigue limit of duralumin is 20,000 


figure of 


psi., While according to investiga 
tors in Alcoa's laboratory it is only 
18,000 psi.; some French authorities 


give it as 17,000 psi 
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MEET RIGID GOVERNMENT SPECS. 
SPEED PRODUCTION —CUT COSTS 
With Performance Proved and Approved 











ferrous metals. 


a for full details. 

















THE WORLD’S FINEST FLUXES FOR 
SOFT OR HARD SOLDERING BRAZING OR WELDING 
Only KWIKFLUX has DOUBLE PENETRATING POWER, achieved in our 


exclusive patented formulae which incorporate Phosphates. 
fastest flowing and cleanest working flux in the world—for ferrous and non- 
Works perfectly with direct flame, gas, hydrogen, acetylene 
muffle (direct or indirect) and induction heating. Meets the most rigid standards 
and conforms with all government specifications! 


There’s a KWIKFLUX For Every Production Need! 
CONSULT US—NO OBLIGATION 


Our 20 years’ experience and know-how in peacetime and wartime production 
improvements are at your service without obligation 


Mention type of work and we'll 
gied to submit our recommendations or send you a 
PRE sample jar of KWIKFLUX. Ask for bulletin MP-2 


SPECIAL CHEMICALS CORP. 


30 IRVING PLACE, NEW YORK 3, N. Y. 


It's the finest, 








“pU2ZeR” HIGH SPEED Gos FURNACES 


2400 F. 
attained quickly with 
“BUZZER” Full Muffle 

Furnaces 


Designed primarily for heat treeting 
high carbon end alloy steels 


NO BLOWER or POWER NECESSARY 
- ++ just connect to gas supply 


“BUZZER” Atmospheric 

Pot Hardening Furnaces 

assure even heat up to 
1650° F. 


Used for Salt, Cyanide and Lead 
Hardening. Also adapted for 
Melting Aluminum. 


Send for the complete 
"BUZZER" catalog today. 





CHARLES A. HONES, rnc. 


123 So. Grand Ave. Baldwin, L.I., N.Y 





For Brazing at 2050°F. 


Weis a quot 


are breaking 
records . . 


On three different installations 
National Stamping Company, Detroit 
Contract Specialties Corporation 

Detroit 
Salkover Metal Processing of Illinots 
Chicago 


Ashworth built Wire Belts have 

broken all previous records for 

this type of service, running up 
to 7,000 and 8,000 hours 
at 2050°F 


WHAT 

is YOUR 
HANDLING 

or PROCESSING 
PROBLEM? 


ASHWORTH BROS., INC 


s » Bufiale + Chattancoge * Chicago * Cleveland + Detroit 
Sales Engineers located in | ° Angeles * New York « Philodelphio + Pimburgh * Seattle 
Canadian Rep, PECKOVER'S LTD. . Toronto . Montreal . Holifax . Winnipeg Vancouver 


WRITE FOR 
ALUSTRATED 
CATALOG 47? 
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in high temperature testing 
of metals with a 


MARSHALL FURNACE AND 


CONTROL PANEL... 


Marshall equipment is especially suitable where tensile, 
fatigue, creep or stress-strain rupture tests ore mode at 
high temperatures. For with the Marshall Furnace and Control 
Panel, a temperature uniformity of + 3° F. over the gouge 
length of the specimen is easily obtained. In foct, many users 
report holding the temperature to + 1° F. throughout the 
test length. 

Engineered spacing of heoting element coils on the refrac- 
tory core insures temperature uniformity. These coils ore 
onchored securely, thereby preventing any shift in location 
which might destroy the heat bolance. A special advantage 
of the Marshall Furnace is simple zone-by-zone adjustment 
of furnoce temperoture. This is achieved by bringing leads 
out from the heater coils to connect with tops along the ovt- 
side of the furnace. Shunts connected to the taps permit by- 
Passing part of the current to regulate the amount reaching 
particulor creas. 

Accurate tempercture contro! is assured by the Marshall 
Control Panel. The panel's special contro! circuit regulotes 
voltage input and holds temperature fluctuation to o@ minimum. 


For more information, send for illustrated technical folder 


L. H. MARSHALL CO. 


0 W. LANE AV Mr he 
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Precise 


TEMPERATURE 
MEASUREMENT 


is one of the 

mony applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


---@ general purpose potentiometer with 

a number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include 

© Three ranges —0 to 16 millivolts, 0 to 
160 millivolts and 0 to 1.6 volts 

© Three reading dials—effective scale 
length of approximately 175 feet for 
each range 

* Subpanel switch and slidewire construc- 
tion for protection of contacts from dust 
and corrosive fumes. 

© Special provisions to minimize parasitic 
thermal emf's —including automatic com- 
pensation of slidewire thermals and 
gold contacts in galvanometer key. 

@ Exceptional convenience in reading and 
adjustment 





® Solid and substantial construction for 

many yeors of trouble-free service. 
This standard laboratory potentiometer 
is also well suited for meter calibration, 
for checking portable potentiometers, ond 
for other critical measurements of D.C. 
potentials requiring exceptionally high 
accuracy 


Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 
© Sturdy, short period 
© Sensitive (up to 1.5 #V per mm.) 
e Multiple-refiection optical system 
© 100-Millimeter scole 
@ For null or deflection measurements 
Described in Bulletin 320 











RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue * Philadelphia 32, Pa. 
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Protection of 
Refractory Metals* 


fo! R metals melting above 4500° 

F. (columbium, tantalum, molyb- 
denum and tungsten) possess 
extremely desirable mechanical 
characteristics at temperatures 
above 1800° F., and if they did not 
oxidize so rapidly the problem of 
materials for jet engines would have 
been solved before it arose. Bueckle 
tried to answer the Guestion as to 
whether the surface of such metals 
could be protected by some noble 
metal or neutral oxide. The first 
means, of course, the use of plati- 
num or rhodium; the second, silica, 
alumina, zirconia or thoria. 

For reasons that are not clear, 
Bueckle did not use electrolytic 
processes of plating platinum or 
rhodium on any of the four metals, 
but he covered tungsten with a strip 
of platinum and hot rolled the two 
together, obtaining a clad layer that 
protected the base metal fully when 
exposed for 30 min. at 2300° F. in a 
furnace open on both ends. Tung 
sten diffused into platinum at a 
fairly rapid rate, but there was no 
perceptible diffusion in the oppo 
site direction 

Covering a strip of tungsten with 
platinum chloride and reducing the 
chloride by heating in a vacuum 
ilso produced a protective coating 
but this was not uniform enough. 
A uniform thickness of 20 microns 
seems to be required for propet 
protection. 

MeHing alumina, or its mixtures 
with thoria, on the surface of a 
strip of tungsten heated to 4500° I 
in a high vacuum produced no 
coating Precipitation of oxides 
from the vapor phase at tempera 
tures above 4900° F, produced a 
nonadherent coating 

Continuous improvement was 
obtained when the oxides were 
mixed with powdered columbium 
in such a manner that pure metal 
was on one side and pure oxides on 
the other side in a mold cavity. 
Pressed under 54,000 psi. and sin- 
tered in vacuum, such composite 
bodies were protected from scaling 
and the oxides did not strip off. 
How far such a process could be 
used in industry, and how much the 
mechanical characteristics of the 
metal would deteriorate due to the 

(Continued on p, 290) 

* Abstract from “Surface Protec- 
tion of High-Melting Metals to In- 
crease Their Resistance to Scaling at 
High Temperatures”, by H. Bueckle, 
Vetallforschung, Vol. 1, 1946, p. 81-86 





“STRAIGH 
Vu LVS 
TEMPERATURE CONTROL 
with 


XAC]LINE 


ELIMINATE 


Overshooting 

Undershooting 

Are you going to continue to 

put up with that troublesome overshoot- 

ing and undershooting inherent in your 

conventional pyrometer control —espe- 

cially when it is so easy to eliminate that 
saw-tooth effect? 

Put XACTLINE in the control circuit. 
XACTLINE anticipates the temperature 
changes—before they occur. And too, it 
nullifies the varying amounts of thermal 
lag, residual heat, and mechanical lag 
producing a short on-off cycle resulting 
in “Straight-Line’’ temperature control. 
This performance is possible because 
there is no dependence upon mechanical 
parts—-XACTLINE operates electrically. 

, , , 








XACTLINE is applicable to any indicat 
ing or recording pyrometer control of 
the millivoltmeter or potentiometer type 
It should be used wherever close tem 
perature control is required—any type of 
electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No ad- 
justment or coordination with the control 
instrument is required regardless of the 
size of the furnace, length of the heat- 
ing cycle, or size of the load. Installa- 
tion is very simple—can be either flush 
or surface mounted. 

price $89.50 F.0.8. CHICAGO 

Nothing else to Buy 


He YOVey® 


‘GORDON: 
CLAUD S. GORDON CO. 


Manufacturers & Distributors 


Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls » Metallurgical Testing Mochines 


Dept. 15 + 3000 South Wallace St., Chicago 16, II! 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohio 


- 





eco Lh HE 


PYR-O-VANE 


ELECTRONIC 
PYROMETER 
CONTROLLER 








Check These Performance Features: 


, Corrective action is instantaneous . pro immune to ambient te mperature and hu 
vides continuous non-cyclic control midity changes 
\ Separately enclosed high-resistance gal " Fail-safe’’ design and thermocouple burn 
vanometer, more sensitive and powerful out feature protect work load 
reduces maintenanc: ; ! 
: . . \ Clase is universal jor flush or surjace 


\ Electronic control plugs in is highly mounting 


For complete information, write for a copy of Specification Sheet +112. 











tures against your present and future produc 


In thousands of installations throughout in 
it’s a safe bet you'll be 


dustry, the Pyr-O-Vane is playing a major tion needs and 
calling in your local Honeywell engineer for 


more detailed information. Call him today 
he is as near as your phone 


role in temperature process control for stepped- 
up production programs. Its continuous, ac 
curate control action is the source of repeated 
and enthusiastic praise. Almost daily, new MINNEAPOLIS-HONEYWELL REGULATOR Co., 
applications are found for its versatility. Industrial Division, 4503 Wayne Ave., Phila 

delphia 44, Pa. Offices in more than 80 princi 
The Pyr-O-Vane is easily installed and low in pal cities of the United States, Canada and 
cost. Check its outstanding performance fea- throughout the world. 
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The shape’s 
the thing... 


The selection of a suitable 
steel and its subsequent satis- 
factory performance can be 
made easy by good design. 


How and in what shape a part 
is made is, we hold, of funda- 
mentally greater importance 
than of what it is made. 


In designing a piece of ma- 
chinery it is necessary to con- 
sider Design, the choice of 
steel, and its Heat Treatment. 
Allthree are highly significant 
factors, but of them we believe 
Design to be vital because 
even the best in steel and 
treatment will not save a 
poorly designed part. 


To evaluate the importance 
of good design and its vital 
relationship to the selection 
of steel and its heat treatment, 
we have prepared a book— 
“Three Keys to Satisfaction”. 
This starts by discussing 
mainly design factors in- 
volved in stress concentra- 
tions, and includes useful 
sketches comparing poor and 
good features of design from 
the aspect of subsequent metal- 
lurgy. It isavailable on request 
to all engineers and designers. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 





Please send your 


FREE BOOKLET 
3 KEYS TO SATISFACTION 


- Mam. - a .. Se 


Compary us. toy-- Sa fi... --- 


‘ 
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Protection of 
Ref ‘aclory Metals 


(Continued from p. 288) 
admixture of oxides remains a moot 
question. 

Quite beyond expectation were 
the results of heating samples that 
were immersed momentarily in 
hydrochloric acid or in a solution 
of chloride. Instead of the higher, 
easily melting oxides of tungsten, 
some low, high-melting oxides 
formed on the surface of the sample 
and the process of oxidation slowed 
down greatly. Bueckle’s diagram 
indicates that tungsten so treated 
rapidly reaches the maximum de 
gree of surface oxidation and stays 
there, while the untreated sample 
continues to deteriorate. M.G.C. 


Creep of Pure Zine* 


*REEP tests at constant stress 
were made, both on single crys 
tals and polycrystalline specimens 
of high-purity zine in the form of 
wires 1 mm. diameter. With singk 
crystal specimens, two types of 
creep curves were recorded: (a) 
S-shape, of the type observed by 
Burghoff and Mathewson on brass 
and (b) shapes similar to those ob 
served by Andrade (that is, with 
the usual features). 

With the S-shape curves the 
specimen deformed with intense 
slip in a few isolated regions. Such 
curves are characteristic for erys 
tals having high values of A and a 
the angles between the basal plane 
and wire axis, when tested at tem 
perature higher than 120°C. and at 
slow strain rates. The S-shape curve 
is believed to be due to a predomi 
nant softening effect in which the 
increase in resolved shear stress 
(resulting from lattice rotation 
accompanying glide) more than 
counteracts work hardening 

Crystals witha 15°, when tested 
at temperatures below 120° C., ce 
formed homogeneously and the sec 
ond type of creep curve was usually 
obtained. However, no third and 
final stage of accelerated flow was 
observed and no specimens broke 

Metallographic study of electro 
polished single crystal specimens 
under test showed that the slip 
bands became more prominent as 
flow progressed. (Cont. on p. 29%) 

*Abstract of “The Flow of 
Under Constant Stress”, by 
Cottrell and V. Aytekin, Jow 


the Institute of Metals, Vol. 77, July 
1950, p. 389. 





FOR GREATER 
HARDNESS TESTER 
ACCURACY... 


SPECIFY CLARK 
STEEL BALL 
PENETRATORS 


- 


For dependably accurate 
hardness testing, every 
part of your testing 
equipment must be de- 
signed by experts. CLARK 
Hardened Steel Ball 
Penetrators are designed 
to give the most accurate 
possible results in the 
testing of soft metals such 
as unhardened steel, cast 
iron, brass, bronze, and 
similar metals and alloys. 
They are available in 
1/16” and 14" diameters 
at $5.00, and in 14", 2", 
4’ and 1” diameters at 
slightly higher prices. 
Specify ciark Steel Ball 
Penetrators for more accu- 
rate “Rockwell” testing. 


INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigor 





HERE’S HOW YOU CAN FIND 
THE IDEAL LOW-COST 
SOLUTION 


What’s your problem? Toxicity? Inflammabil- 
ity? Dry Time? Cost? Here’s how to solve that 
problem pronto. Just call on your nearest 
Sotvents & CHemicats Group Memser. Let 
them analyze your problem and recommend 
the best possible solution 


We make this offer to acquaint you with your 
nearby member of the SoLvents & CHEMICALS 
Group. Each member stocks all types of de- 
greasing solvents. That means you'll have the 
solvent recommended that best meets your 
needs, whether it be in vapor-degreasing or 
cold-wash method. Plan to take advantage of 
this service soon. Just call or write your near- 
by member and arrange an appointment at 
your convenience. Why not do it now? 


FREE... Valuable handbook on organic solvents 
is yours on request. It explains the properties 
and applications of key organic solvents in 
on-technical language. It's yours by simply 
calling or writing your nearby member of the 
SOLVENTS & CHEMICALS GROUP. 





THE SOLVENTS & CHEMICALS GROUP g 
ASSOCIATED FOR BETTER SERVICE TO INDUSTRY 
OFFICES AND PLANTS IN 


BUFFALO—BUFFALO SOLVENTS, Box 73, Station B BEdford 1572 
CHICAGO—CENTRAL SOLVENTS, 2545 Congress St SEeley 3-0505 
CINCINNATI—AMSCO SOLVENTS, 4619 Reading Rood MElrose 1910 
CLEVELAND—OHIO SOLVENTS, 3470 W. 140th St Cleorwoter 1-3770 
DETRCIT—WESTERN SOLVENTS, 6472 Selkirk Ave WAlnut 1-6350 
FORT WAYNE—HOOSIER SOLVENTS, Maumee & Bueter Rd ANthony 0213 


GRAND RAPIDS—WOLVERINE SOLVENTS 
1500 Century Ave. S.W Gr. Rop. 5-911) 


HOUSTON—TEXAS SOLVENTS, 850! Market St Woodcrest 9681 
INDIANAPOLIS—HOOSIER SOLVENTS, 1650 Luett St ATlantic 1361 
MILWAUKEE—WISCONSIN SOLVENTS, 1719 S. 83rd St GReenfield 6.2630 
NEW ORLEANS—SOUTHERN SOLVENTS, 1352 Jefferson Hwy Temple 4666 
ST. LOUIS—MISSOUR! SOLVENTS, 419 DeSoto St GArfield 3495 
TOLEDO—WESTERN SOLVENTS, Central & Reynolds Rd Jordon 0761 





THERMOCOUPLE 
EXTENSION 
WIRE 


...0f every type, 
for every need 


«++ AVAILABLE 
THROUGH YOUR 


Picrurep above is one of the Brown pyrometer 
supplies stockrooms . . . maintained for prompt 
shipment of thermocouple extension wire of Base 
and Noble metals—available with glass, plastic, 
asbestos and weatherproof insulations. Through 
your Honeywell Supplies Man, you can benefit 
by the convenience and availability of such 
stocks—in direct delivery from Philadelphia, 
Cleveland, Chicago, Atlanta, Houston, Los 
Angeles and San Francisco. 


A Honeywell Supplies Man will welcome the op- 
portunity to tell you all about the HSM Plan for 
new convenience and economy in your selection, 
purchasing and delivery of all your pyrometer 
supplies. There’s a Honeywell Supplies Man near 
you... at your local Honeywell office . no 
further away than your phone. Call him today! 
MINNEAPOLIS-HONEYWELL REGULATOR Co., [n- 
dustrial Division, 4503 Wayne Ave., Philadelphia 
44, Pa. Offices in more than 80 principal cities of 
the United States, Canada and throughout the 
world. 
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You Should Have For Ready Reference. . . 
FOUR OF THE Most IMPORTANT 


METALLURGICAL BOOKS 
OF THE YEAR 





> and C. L. Perry. Chapter 6. The Vapor-Lubrication of Graphite in 
Casting of Brass and Bronze Relation to Carbon Brush Wear, by Robert H. Savage. Chapter 7 
: The Wear and Damage of Metal Surfaces With Fluid aubeicesioe. No 
By Daniel R. Hull Lubrication and Boundary Lubrication, ot P. + ig Yd = 

4 , . Chapter 8. Wear in Steam Turbines, by Norman L ochel. apter 

Assistant Technical Mgr., The American Brass Co. The Need for Studies of “Real’’ Hydrodynamic Lubrication, by R 

ee oe situs wiiite die ee pevepe ( mages 1 +e x1 a my Oil > visto 
ere is an exce 20K, Wii |e searc ~ . by C. M. Alle apter 11 ear ear as Relat to the 
analysis of metallurgy at its best. Daniel R. Hull puts down both the Viscoate of te Gear Ol. by H lok « hapter 12. Surface Deteriora 
practical and technical facts about Brass and Bronze casting during the tion of Gear Teeth, by J. O. Almen. Chapter 13. Recent Roll Tests on 
a tT, aiid Diccieks shiek tats ins phcidinies entities trove Endurance panee ee a by, &. Duckinghom —_S. walboseget 
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® Accurate Temperature Reading 
CUTS COSTS—REDUCES WASTE 


Better Temperature Control for 
Non-Ferrous Foundries 


The Pyro Immersion Pyrometer is shock- 
proof, moisture-proof, dust-proof, immune 
to magnetic influences. Shielded steel hous- 
ing. Instantly interchangeable thermocouples 
with no adjustment or recalibration. Large 
4” scale. Equipped with exclusive LOCK 
SWIVEL. Ranges 0-1500° and 0-2500°F. 
Get FREE Catalog No. 150. 


The Improved PYR PYROMETER 


is 8 instruments in one and handles all surface and 
sub-surface temperature measuring jobs.’ Has 8 types 
of thermocouples; all interchangeable in seconds 

with no re- 


— . calibration 
ee or adjust- 
a 
| ment. Auto- 
{ matic cold end compen- 


sator. Shock, moisture 








and dust-proof. Accu- 
rate, big 4.44" indicator. 


| Q - 
i ' 
hati | Available in 5 tempera- 
uP { ts ture ranges from 300 
tf to 1200° F. 
—— tsk for FREE Catalog No. 165 


The Pyrometer Instrument Company 
New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


& Manufacturers of 1 ~ Optical, Radiation, Immersion & 
and Surface Pyrometers for over 25 years 
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METAL TREATING 











When you purchase ammonia for metal-treat 
ing. look for more than just a source of pure 
anhydrous ammonia 

Quality ammonia is, of course, extremely 
important in metal-treating processes. But even 
more important is its efficient and economi 
cal application to your particular process 

For many years, Armour’s Technical Service 
Department has specialized in the metal-treat- 
ing uses of ammonia. Their broad experience 
enables them to assist you in determining the 
best application of ammonia to your heat 
treating problems . Whether you are nitriding 
carbonitriding or using dissociated ammonia. In 
addition to practical experience gained from 
helping many manufacturers, Armour has 
sponsored research for several years in one of 
the country’s leading technical institutions to 
investigate the carbonitriding process 

Make Armour your headquarters for informa 
tion on the metal-treating applications of am 
monia. Free literature containing useful and 
valuable information is yours for the asking 
Write today for your copy of one or all of the 


booklets listed in the coupon below 


GETTY a moncie Disixim 


Armour and Company + 1355 W. 31st Street + Chicago 9, il! 


Mail this coupon today! 


Please send booklets I have checked 

O} Ammonia Installations for Metal-Treating 
0) Effective Use of Dissociated Ammonia 
OO The Carbonitriding of Steel 


O The Nitriding Process 
Vame Title 
Company 
Street 


City Zone State 
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HELPFUL 
HINTS 
ON INCREASING 
BROACH LIFE 


QUICK 

FACTS! ue 
OILS FOR BROAC HING 

Heavy Demand on Cutting Fluid 


a great demand 


Broaching places 
the cutting fluid due to the 
large amount of metal being re- 
moved and the necessity for maxi- 
mum broach life and finish. 


Stuart's THRI ag IT 
sroducts, due to their 
ian ‘sulphur content, have been 
outstanding for the most severe 
broaching work. Active of effec- 
tive sulphur in an oil serves as an 
anti-weld agent prevenung metal 
welding and scuffing. 


on 


and related 
high effec- 


seizure, 


Slow Speed Broaching 

For unusually slow speed broach- 
ing of ferrous materials it ° often 
lesirable to use oils of heavier 
ps ore (such as THREDKUT 


viscosity 
will not drain off of 


#25) that 





the broach and the work before it 
has completed its mission. 


Good Rule of Thumb 
When excessive an 
ar is observed on the cutting 
oath of the broach, DEC REAS!I 
active sulphur in the oil by dilut- 
ing with paraffin oil or other 
blending oils. When poor finish 
occurs due to pick-up and weld- 
ing, apply Stuart's THREDKUT 
or THREDKUT #99 straight. 


Use of Water-Mix Cutting Fluids 

On some flat surface broaching 

and on round hole work it is often 

desirable to use a water-mix cut 

ting fluid of top quality. Stuart's 

SOLVOL, a heavy duty soluble 
@ oil, is widely recommended. 


PROOF/ 


“With their regular oil they only 
broached 12 pieces when the 
broach wore badly and bugged. 
This is a 4140, 240-270 Brinell 
forged gear blank with a 1” hole 
and 1/,” deep keyway to broach 
at one pass with a combination 
broach, 1’ for the round hole first, 
followed by 2’ for the keyway. 
“They put in THREDKUT #99 
and the broach was still in good 
condition after running 1500 
pieces.” W RITE FOR LITERA- 
TURE and ask to have a D. A 
Stuart representative call. 


DA. Stuart Pil ©. 


2743 S. Troy Street, Chicago 23, Illinois 
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Creep of Pure Zine 


(Cont. from p. 290 
indication of 


Phere was no 
crystal 
or recerystallization; 
curred only by slip 

With 


ordinary 


fragmentation 
thus, flow oc 
polyerystalline specimens 


the 
Metallographic 


the form of 
curve was obtained. 


creep 


examination before 
ing at 108" ¢ 


and during test 
. Showed that the mode 
of deformation varied with the 

rate. At fast the flow 
characterized by the 
bands and twin 
At slow rates, thick bound 

issociated with 

boundaries 
the formation of 
ture within the 
ilat 


strain rates, 


was mainly 
formation. of 


erystals. 


slip 


aries sliding along 


grain were observed, 
“cell” 
grains, sim 


Wilms and 
Wood on aluminum, was quite com 


and struc 


original 
to that observed by 
mon. Hence, 
talline 


processes 


flow of the polyerys 


zine involved at four 


cell 


least 
slip, twinning, 


formation and displacement 
grain boundaries. 


m terms of 


creep curves were 
the 


steady 


in ilvzed 
concepts of tran 


sient and state « 


Andradk 


iccurately 


omponents, 

rhe t 
obeved by the 
the rate 
varied exponentially 
the 


introduced by 


law was 


transient component, and 


of steady flow 


with stress and reciprocal of 


temperature 


Empirical formulas describing 


steady-state 


relationships between stress, 


flow, and temperature 


have been appearing with 
the literature, 
the authors present a proposal for a 


unified 


increas 
ing frequency in so 
theory including terms 
which predict certain dynamic and 
transient effects known to exist dur 
ing the 


suggested 


deformation 
that separate 
esses of thermal activation are 


essary for thermal 


process It is 
two prom 
nec 


the 


overcome, 


flow (a 
energy barrier 
(b) 


changes 


must be 
the energy required for internal 
For a 
ict 
for 


to be 


due to recovery. 
complete formal analysis, the 
flow 


consider d 


vation energies for and 


recovery must be 


equal in magnitude for any fixed 


strain-hardening coeflicient his 


activation reduced 


energy must be 


linearly by stress. 
he results of numerous experi 
ments appear to 
the proposed theory, and the 


theoretical 


agree fairly closely 


with 


and experimental evi 


dence presented in this paper justi 
fies the well-known assumption that 
steady-state flow is a result of a 
between 


thermal 


balance 


strain hardening 


ind softening. 
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“MOTOR-FLEX”’ GRINDERS 


MARTINDALE ELECTRIC CO. 





1372 Hird Avenue, Cleveland 7, Ohio 


MARTINDALE 


1 











Single 
Polisher 


No. 53-450 


EBERBACH 
METALLOGRAPHIC POLISHERS 


f fine metallographic specimens 
1 Operating mechanism is carefully 
lif A sixth H.P. motor turns 
through a speed-reducing, torque 
" <M of r ROK 


O-] 


Chill. P| COMPANY 
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CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- 
peratures up to 1200°F., as_ installed for 
Timken Roller Bearing Company. @ We also 
build Conveyor and Batch Type Furnaces up 
to 2000°F., for heat treating, normalizing, draw- 
ing, etc., using gas, oil and other fuels. @ Our 
many outstanding achievements make it well 
worth your while to consult Carl-Mayer Engi- 
neers on your next installation. 


3030 Euclid Avenue, CLEVELAND, OHIO. 
SE SET A Hs TRS 





HIGH FREQUENCY 
Vuduction 
HEATING UNITS 


INSURE uniform high speed quality production 
with measured, controlled heat exactly where 


required for exactly as long as required 


YOU CAN DO ALL THESE JOBS 


LEPEL High Frequency HEATING UNIT 


Rn 


HARDENING BRAZING MELTING 


oe 


ANNEALING 
S STRESS RELIEVING 
NORMALIZING 


SOLDERING wae HEATING 


LEPEL Electronic Tube GENERATORS 
from | kw to 50 kw 
LEPEL Spark Gap CONVERTERS 
from 2 kw to 30 kw 


Lepel engineers in the field ond ¢ 
fully equipped laborotories wi 


to assist you with 


LEPEL HIGH FREQUENCY LABORATORIES, Inc., 


39 West 60th Street New York 23, N.Y. 
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Heavy castings and weldments are heat-treated economically 
in EF furnaces. yantry cranes simplify loading, unloading and 


a For the utmost in depend able. efficient, low cost quenching. Engineered to your particular requirement 
d ’ ’ 


service, specify an EF furnace. Built in roller hearth, 
roller rail, chain belt, car type, wire belt and many 
other designs. Complete with special atmosphere 
generators and material handling facilities. Gas 
fired, oil fired, or electrically heated for any heating 
or heat-treating operation—any process—any prod- 
uct—and any capacity requirement. Let the El 
engineers, with their long and successful experience 
in engineering and building furnaces, work with 


you on your next heat treating job. 


THE ELECTRIC FURNACE CO. 
Wilson Street, Salem, Ohio ee eee w a 


Gas Fired—Oil Fired and I lectric Furnaces treated without scale or decarburization—uniformly and eco 


nomically—in EF chain belt furnaces. Any capacit 


Continuous annealing of steel strip shortens the heating Ferrous and non-ferrous wire on reels, spools, coils and 
cycle and improves the drawing qualities. Single or multiple strands is bright annealed uniformly and continuously in EP 
strands to 54° or wider. 28,000 Ibs. per hour or more special atmosphere furnaces. Any desired capacity 


Furnace brazing of ferrous and non-ferrous assemblies cuts Bars and billets are scale-free heated for rolling, drawing or 
mate , labor and finishing costs; usually eliminates costly other processing in EF pusher, rotary and other types of special 
dies and insures a stronger, longer lasting, less costly assembly atmosphere furnaces. Any capacity, atmosphere or temperature 











When the Heat’s on... 
Lubricate with 
“dag” Colloidal Graphite 


T 500° F., and virtually as far up as you ever 

go in metalworking operations, a ““"dag”’ 

colloidal graphite dispersion will overcome fric- 

tion and keep parts lubricated for action. Even 

up to 5000° F. in inert atmospheres, this unusual 
lubricant resists the effects of heat. 

**Dag” colloidal graphite is not just an ordi- 
nary lubricant. It is electric furnace graphite that 
has been specially processed to subdivide it into 
particles of microscopic size small enough to 
pass readily through the pores of filter paper 

When colloidal graphite is applied to the fric- 
tion surfaces of metal it leaves a graphoid film so 
thin that even the most sensitive gages cannot 
detect it. This lubricating film provides the metal 
with a surface that has an extremely low coeffi 
cient of friction, that resists oxidation, and that 
will function well above the burning point of oil 

The uses of *“dag’’ colloidal graphite for all 
metalworking operations are explained fully in a 
new bulletin that is available without obligation 
Write today to Acheson Colloids Corporation 
Port Huron, Michigan, for your copy of Bul- 
letin 426-10B 


| Acheson 


| Colloids 


Corporation Port Huron, Mich. 
... alse Acheson Colloids Limited, London, England 








